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XtmonJCTIQH: OBJECTS Off PBBSEMT HBSBfiRC3«
The p resen t th e s is  describes work o r ig in a lly  intended a s  a  comparative 
study o f the reac tio n s o f d ito sy la te s  o f simple di-hydroxy compounds w ith 
those o f mono** and d i-  to sy la te s  o f sugars* The in e rtn e ss  o f the l a t t e r  
compounds m s  n o t understood h u t m s  a ttr ib u te d  to  some in h eren t e f f e c t  of ■ 
th e i r  r in g  s tru c tu re  since m ono-tosylates derived from phenols and 
a lle y  d i e  a lcoho ls e.g* h o rn e d  and menthol* a re  much, le s s  rea c tiv e  "than 
a cy c lic  tosy lates*  The compounds chosen fo r  comparison were the \  
d i  to sy la te s  o f the open chain compound d -d ie thy l t a r t r a te  and a  r in g  
analogue thereof via* d - ta r tra n il*  Both proved very  d i f f ic u l t  to prepare 
and th a t o f d - ta r t r a n i l  could not be obtained pure since i t  was in so lub le  
in  a l l  solvents, except pyrid ine , so th a t  a  study o f  i t s  reac tio n s became 
impossible* ' In  view o f  these  d i f f ic u l t i e s  th e . study was made more :;V; 
general and deals w ith the preparation  and r e a c t iv i t ie s  o f  c e rta in  mono- 
and d i- / to s y la te s  most o f  which have been previously  prepared. * Such a 
study seemed, 'p a r tic u la r ly  appropria te  since a t  the  time o f commencing ■ 
th is  research  very l i t t l e  inform ation m s  av a ilab le  (a) about the 
r e a c t iv i t ie s  o f a l ip h a t ic  polysulphonates o ther than those o f the sugars 
and (b) about the in fluence  on r e a c t iv i t ie s  o f su b s titu en ts  in  
sulphonates derived from su b s titu ted  phenols* . Accordingly an a ttem pt has 
been made to  r e la te  r e a c t iv i t ie s  to changes in  B in  the  general formula 
B-OTS* Thus the  e ffe c ts  o f chain length  and o f a c tiv a tin g  su b s titu en ts  
has been considered? the  follow ing to sy la te s  being prepared cety l-*
— 1 «■»
p h e n y l - * ■ n itro p ta sy l-*  2?;*' 4 f -  t o i t r e p l i e ^ i * ^ ^
2*m meth03syphmy%^ S1-  carbesgrphenyl-* d -d ie thy l t a r t r a te  di-* and 
ethylene glycol di»t© sylate and comparisons a re  made w ith o ther known 
tosy lates*  : Attempts were made to  prepare to sy la te s  from p ic r ic  ac id  and 
a n isy l a lcoho l both  o f  which. i t  m s  considered would he very reac tiv e  i f  
obtained and the  tosy la te  o f oetanol-2 by a  new method* The d ite sy ia te  o f  
d-d iethyl. t a r t r a te  could he  obtained o p tic a lly  a c tiv e  and m s  th ere fo re  o f 
espec ia l i n te r e s t  since although Walden Inversion reac tions o f  a la rg e  ' . 
number o f  m ono-tosylates o f  o p tic a lly  a c tiv e  secondary a lcoho ls have been 
investiga ted  th e re  i s  no record  o f s im ila r reac tio n s  with to sy la te s  o f 
corresponding d ihydric  alcohols*
A comparison o f to sy la te s  with triqhlofo& oetates was a lso  considered 
o f in te re s t, sinee^both a re  e s te r s  o f strong  acids* The trich lo roaeetat©  
of l.-octanol-2 \vas prepared and i t s  reac tio n s studied*
mjSBAMTtcm m sitoicbatbs.
- A general method fo r  the preparation  o f sulphonates derived from 
alcohols and phenols i s  no t availab le#  a l l  known methods being 
u n sa tis fac to ry  in  some respects*
Uaday o f  the' e a r l ie s t  methods a re  based on the  e lim ination o f a  ' ; . 
molecule o f  a  s a l t  from two molecules o f reaG tanis e.g*
(Gericke* in n a len , 18 5 6  * 100*
■ (B SG20 )2l% * 2 I t  X * 2 B SOgO I t  + 'f tX 2
(tJllmaa and fenner* Ber. * 1900* 35* ’ .2470
2 B SOgOSfe + 2 (Ee)2 S0 4  * 2 R 'SOgCMe * ^a 2S04 -
{.Schiller and Otto* Ber** 1876*'.2* 1638)
Bh S02G1 -f ilao it * ph. S020Et + H ad
In  general* methods based on the elim ination o f hydrogen chloride 
from sulphonyl chloride and hydroxy' compound, o p tio n a lly  in  the presence 
of an a lk a lin e  condensing agent and in e r t  d ilu e n t, a re  used. When' no 
condensing agent i s  p resen t the excess o f alcohol mast be e a s ily  removable 
from the products* the lib e ra te d  hydrogen chloride must no t re a c t w ith the 
hydroxy reac tan t or .sulphonate to  y ie ld  ch lorides ^ a lth o u g h  to  reduce th is  
tendency S lo tta  and Franks (B e r,, 1930* 678) pass dry a i r  through the
reac tio n  medium to  remove hydrogen e h lo rid e j?  and the  r a te  o f sulphonate 
form ation must he high compared w ith 'th a t  o f  e ih e r if io a tlo n  o f the  
product ( c f .  K ra fft and Boos, B e r ., 1893, 26, 2823)
Ph S020 M  + ItOH « Ph SO^H 4 (E t)20
th is  type o f reac tio n  being minimised by the  use o f excess hydro^ylic 
re a c ta n t a t  low tem peratures when, however, reac tio n  i s  Very slow. 
P referab ly  a  condensing agent i s  used and although organic bases a re  
most commonly ertployed inorganic bases e*g. sodium hydroxide (Sane e t  a l , , 
J .  Indian Chem* See*, 1932, %  55), carbonate (S lo tta  and Frank©, loo* c it .1  
and ethoxide (S c h ille r  and O tto , lee* e tt* ) may a lso  he used p a r t ic u la r ly  
fo r  p reparing  a ry l  sulphonates when such so lven ts a s  water (Hinsberg, 
Annalen. 1891, 265, 178), dry e th er (Hubner, IM d#, 1884, 223, 235) and 
dry benzene (O tto , Ber*, 1886, jjjj- 1832) a re  rea c tio n  media* With 
" organic bases side  rea c tio n s  o ften  occur,' !?hus e th e rs  may he formed Ju s t 
as  in  the  absence o f  a condensing agent o r the re s u lta n t  suXphonate may 
fu r th e r  re a c t  to produce a pyrldinium  s a l t  (cf* B e ll, £*,1931*' 613)
O M z C f j
C^U. * C6H2(N02) 503Cii07H7  > C ^ J  -  C6IJ2(lf02) 3
although according to  Sekera and Marvel f«T. Amer, Chem Soc** 1933, SS> 345) 
th is  reac tio n  i s  o f  minor s ig n ifican ce  a t  about Q°G* ^he most im portant
m If m
s id e  re a c tio n , h o w le r,^ lo ad s t o ' ^.'chlorinated products e*&
Ph QC^ CHgGH 4 C^ lySOgCl 4 S^H  —i Jph OO^C^C! * 0^  - if ~ H
.(B utler e t  a l* , ■ ib id * , ■1937.52. 227) and .ok-and /3 -methyl glucosides 
with, to sy l ch loride  ./" th e  abbrev iation  to sy l o r $ 5  in troduced by 
Hess a M f f le g e r  (Annalen* 1933, 50? > 48) fo r  the  phrase g-toluenesulphonyl 
i s  used here and throughout the p resen t workj? and p y rid in e  a re  both  
io sy la ted  and ch lo rinated  a t  room, tem peratures (Hess and S ten ze l, Ber* * ..; 
1935*?; 68, 981)* t h i s  l a t t e r  reac tio n  i s  o f e sp ec ia l iimportance when ■. ;:;v'. 
sulphonates o f phenols containing more than one -®~ o r p* e le o tro n e ^ .ti  ve : 
su b s titu en t a re  prepared* fhus ch lorides a re  produced from 2, 4  -  . ■ ,■ 
din itrophenol and. p ic r ic  a c id  (WXlm&ti and ITadai, 3 e r*t 1903, 41 * 1870) | 
and from the e thy l e s te r  o f n iiro -g -c reso  t in ic  ac id  (Sane et«, a l* ,  loo* c l t «) 
probably via, a  h ighly rea c tiv e  sulphonai© in term ediate  a s  suggested by 
Hess'" and S tengel ( loo* e i t ») and B e ll (loo* c i t# ) /0+
' ^§H2GH(liOa)3  t  P 0 1  4 Jy- *
CgH2Ci(HD2 ) 3  + Py fSOH
and here a lso  tem perature considerations a re  im portant — high tem peratures 
favouring chloride fonaatlon* t bus d -e tby l la c ta te  a t  low tem peratures
/CgH^TSCJWPj + I*  K C lJ *
#• .5 «*
with to sy l ch loride  y ie ld s  the d-sulphonate whereas a t  room tem peratures 
the corresponding b ich lo ride  i s  formed (Kenyon* P h il l ip s  and Turley, :;
'J., 1923*1S2*';- 399)* .;
Indirect'methods a re  of ten  used p articu larly  in  the  arom atic series*  
Aromatic sulphonates .are normally r e s i s ta n t . to  hydrolysis and the suiphon&ie 
grpup IS firm ly attached' to the nucleus so 'that conversions by means of e*g* 
oxidation# n i tr a t io n  o r brom ination, a re  possible*.; The sulphonate group.i s  • 
m ete-directing, and su b s titu tio n  u su a lly  occurs in  the nucleus containing th is  
group* .. The . follow ing preparatioris i l l u s t r a t e  in d ire c t  methodss-
: ' (Badisch© A n ilin  Co., D.E^P*' 162, -322) \-
Me
OH
UOfcCI
C HO
OTS " j*0*
Hx60*
O T S
<Xn.&/or
C 0 0  H
(laeek  and Scbopfer, Am* Chem* Soc*. Abs*, 193?* 31? , 3464 }
OH
OTW
+ 3TSCI ■>
OTU li^. WH3
O T *
th e  l a t t e r  i l l u s t r a t io n  being of sorae th e o re tic a l in te r e s t  since  the  to sy l 
group In the 2 p o s itio n  has been made rea c tiv e  by the two to sy l groups in  
ortho positions* . •
■ .'The '©sddutiois o f  :"suXphisiatGs to  sulphonates i s  a  valuable in d ire c t  
method in  the  a lip lsa tic  se r ie s  e .g .d -o c ta n a l-2  i s  to  sy la  ted  (P h il l ip s ,
£*V 1923,:j£Z>;256S ;
• ■■■ E l I n O A
CgH17OH ♦ e 7II7S0Cl ^  g^ 17oosg7h7 T ^ tone C#17 c®s -
Sulphonic acids being strong ac id s  even in  nan<-agueous so lvents such 
a s  a lcoho ls (Murray -Bust"et- a l . *,; £*, 1931, 199 and 21^) they - should-.directly  
ester ify  alcoho ls a s'do other strong 'acids*  Ho evidence o f such e s t e r i f i -  
ca tion  has been found# Enactions between a sulphonic ac id  anhydride and an 
a lc o h o l '(B il le te r ,  Ber#, 1904* 37» 691) and a sulphonic ac id  and 
cyclohexene o z id e . (Oriegee and Stanger* Ber# * 193&* 9^* 2753) to 'y ie ld  
sulphonates haw , however, been reported# Also the to sy la te  o f phenyl 
methyl carbine 1 may be obtained a s  an unstab le  in term ediate  when °t -*phenyl 
diethyl e th e r i s  prepared from th is  earbinol by t eaction with ethanol and 
g * toluene sul-phonic acid  (Kenyon e t  a l# , J#, 1933, 173)*
Also a c tin g  a ^ i n s t  the  adoption o f a general method o f p reparation  i s  
the fa c t  th a t  even close members of. a. homologous se r ie s  may n o t be 
obtainable by the  same method# . Thus to sy l ch loride  re a c ts  re a d ily  with., 
ethanol under, .conditions when benzene sulphonyl, ch loride i s  i n e r t : ;
(S c h ille r  and O tto, loo# d i #)# S ubstituen t groups a re  a lso  im portant as 
a lready  ind icated  in  the  case o f the  nitrophenyl sulphonates# Thus whereas
ethanol refluxed  .w ith  benzene sulphonyl ch lo ride  gives numerous products 
the  sulphonate being postu la ted  a s  an in term ediate  ( S r a f f t  and Boos .
loC* 03,t a.)»MwawHe ' [nwinmrtnitt . f. .. . 1
. ■ > h  S0201 V ^ t O I I ^  ; Jta'sSOjBt 
; ph SO jIt * BtCB 'Pb' SOjH + -.JStOBt • ;
"■■ Eh SOjfBt,.VHCl > Ph'SO^H+ 1 1 ^ 1 . ;
ethylene chloroftydrin under sim ila r conditions gives the.sulphonate in  
h ig% y ie ld s  without s id e  reac tions (Clemo and perlcin, £*, 1922# 121» 6U2)
’ ph so2c i  4 , ' ph % c s % c h ^ i * m i  ’ ’ -
The comparative s ta b i l i ty  o f  th is  sulphonate i s  probably due to  the  
e le c tro p h ilic  nature, of. th e  ch lo rine  atom which h inders fu r th e r  reac tio n  
a t  the  Clip ** OS linkage* Although, to sy la te s  a re  re a d ily  made from . ’
ethanol w ith o r w ithout pyrid ine the  su b s titu tio n  o f ^" hydrogen by 
phenyl gives d if fe re n t  r e s u l t s ' in  each case* ' Thus phenyl methyl cafb inol 
and to sy l chloride y ie ld  1 ** phenyl methyl.': chloride with' py rid ine , and 
styrene in  i t s  absence, the to sy la te  being very re a c tiv e  and only 
obtainable in  s i tu  a s  an in term ediate  fo r  su b s titu tio n  reac tio n s by
gwmnw t 36%M
oxid ising  the su lph inate  w ith hyperol (Kenyon e t  a l* , lo c * e i t . ) # . Ho 
sulphonate has y e t been prepared o f a t e r t i a r y  a lcoho l, thus t e r t ia r y
butanol rea c ts  with; tosyl: chloride only;.at.'‘comparatively high 
tem peratures e#g* ';. 100^0*,';.in. the  presence o f pyridine to  give the ’ . '.■ 
corresponding - ch loride  (Bennett and Hafez, £#, 1941, &5&) •
; Smmmrising i t  may be said, th a t  although no general method fo r  the  ’ 
p reparation  of : sulphonates- may a t  p resen t be formulated y e t to  obviate  
side reac tio n s .and. to.bbtaim  the isaximiM y ie ld  o f sulphonates i t  i s 'o f  y - 
prime importance :,tbat - the ' femne^ature o f  reaction  be a s  low as possible# , 
This I s  of especial Importance fhen the sulphonyl group i s  attached to an 
open«chain:':carbon;atom* v. i f ,  however, ■ th e : s u l^ o n y l :group i s  a ttached  to a 
r in g  carbon ■ atom' and provided no a c tiv a tin g  su b s titu en t I s  p resen t, then ■ - 
the  preparation i s  very much e a s ie r  e*g* to sy la tio n  o f phenol and borneol 
(Ferns and iapw orth, £*, I9I2, 101# 273) and <X- methylcyclohexanol 
(G-ou^i, Hunter and Kenyon, J* , 1 $26$ 2052)•
AXthm§x d e ta i ls  o f th e  to sy la tio n s  a r e  given,, where necessary ,1 in ' the 
experimental ■ section  'the'-following m attes  are  .'worthy o f -note#-- 
.,:; The method i n i t i a l l y  u se d 'was as follow s: d r ie d : pyrid ine m s  fre sh ly
d is t i l le d ; . ..the - tosyl. chloride re -c ry s ta llised ', from- benzene, ' f in e ly  : 
powdered and .dried In  vacuo over .'calcium ch lo ride  b e fo re  .'use* "'The hydroxy 
compound in  ra th e r  more than a  molar equivalen t o f  pyrid ine was p laced : in  a 
corked, f la s k  .submerged In a freez in g  m ix tu re s  thermometer f itte d -th ro u g h  
the,-cork..enabling the tem perature o f  reaction '-tcrbe-noted#1-• 'An equimolar 
q u a n ti ty o f  to sy l ch lo ride  m s  added during a b o u t'f iv e  minutes the- ' : 
tem perature being maintained below 5°C: a f te r  standing fo r 'a n  hour, w ith
occasional shaking, ; the m ixture was poured into, ice -co ld  d ilu te  sulphuric 
a old to  p re c ip ita te  the _ to sy la te  which generally  so lid if ie d  on standing or 
■ a f te r ;  vigorous s tir r in g #  A lte rn a tiv e ly  th e 'l iq u id . to sy la te  could be 
ex tracted  w ilh e th e r and iso la ted , by conventional methods.
1)1 to sy la te  o f  d -d le th y l ta r tra te #  '/•; ■"
The to sy la tio n  of d -d ie th y l t a r t r a t e  was f i r s t  attem pted and i t  m s  
found th a t  the method described above requ ired  m odification since r u c t io n  
was rapid* Here increased y ie ld s  were obtained by using  more pyrid ine , 
possib ly  bem use ch lo rination  i s  lessened by d ilu tio n , and i t  m s  noted 
th a t u su a lly  a f te r  10-1$ minutes c ry s ta ls , 'possibly  pyrid ine hydrochloride, 
appeared and passed through a  maximum, concentration so th a t  a f t e r  two hours 
the solution often  became clear-again* This ind ica ted  th a t ch lo rina tion  o f 
the  to sy la te  might be occurring and the y ie ld  o f to sy la te  a lso  f e l l  w ith 
increased reac tio n  time a f t e r  passing throu^a a maximum. Eeaction m s  
therefo re  stopped th ree  minutes a f t e r  c ry s ta l  formation was judged to  be a t  
a maximum by pouring in to  ice -co ld  acid* Ho advantage « s  obtained by 
using more than about a  tw enty-fold molar excess ©f pyridine*
The product obtained by th e  i n i t i a l  method ou tlined  above d id  no t 
so lid ify  a f t e r  a c id if ic a tio n  b u t ex trac tio n  w ith e th e r y ie lded  a  viscous 
o i l  which a f te r  desiccation  fo r th ree  months over calcium chloride  
deposited c ry s ta ls  o f d ito sy la te  in  8$ y ield* -' Much viscous o i l  remained a s
10 -
by-product* Shis o i l  contained sulphur and chlorine and decomposed on ■ .., 
attem pted d is t i l la t io n *  . She d lto sy la te  «as most si&tably; crysta llised  
; from ethanol* ■ She experiment - was repeated using  ten and twenty molar 
q u a n t i t ie s  -of pyrid ine when.:yielda o f . about ./12 and. \0 a :'respective ly  were 
obtained* She ' e f fe c t  o f stopping the reac tio n  a t  tim es re la te d  to  the 
production. o f : c ry s ta ls  in  the reac tio n  medium m s. te s te d  i n : f iv e  t r i a l s  
using  a  twentyvtwo fo ld  molar excess of pyrid ine and stopping the  reaction  
a t  (.1) f iv e  minutes b e fo re ,. ( 2) a t  maximum c ry s ta l production, (5) th ree  
minutes a f t e r ,  (4) f iv e  minutes a f te r  and  (5) . f i f te e n  minutes a f t e r  with 
respective  y ie ld s  o f n i l ^ l f q  22£l, 21$ and 15*5$* maximum c ry s ta l . 
production occurring a f te r  f i f te e n  minutes* in  view of th e s e ' poor y ie ld s  
o ther methods were investigated b u t they met w ith no'success* Attempts' to ; 
prepare the d i to sy la te  by methods corresponding to  those o f Hahn and Walter 
(Ber*, 1921, J>4, 1.531) in  which potassium hydroxide or carbonate a re  added 
to  the reac tan ts  in  dry e ther* , S le tta  -and Frank© (loo* o l t») .and v ia  the 
sulphinate pioved abortive*. An attem pt to prepare the d i to sy la te  by the 
d i r e c t  reac tion  between the t a r t r a t e  and acid, ch lo ride  proved a f a i lu re  
although the ..reactants, in  eq.uim.olar q u a n titie s , \?ere heated a t  110°0 fo r  
12 hours* - . . . ."
B itosylate o f  ethylene g lyco l* .
;,Uhis d i to sy la te  which has been obtained from., the  mono tosy la te  (B u tle r
11 -
; ■ a t  a l 4,.f■ J 4 Amer«. Ohem»;: Soo. 3 ,1955* ’5lV 975} on standing a t  room j
/tem peratures m s , produced b y  the'above method in  y ie ld  ( compare the  .
y i e l d o f  d -e th y l t a r t r a te  d ito sy la te )  # ' '■■■■■".
; ■: .These resu its- in d ica te . that- th e : in troduction  of. two earbethosy groups
in to  e thy lenef glycol d ito sy la te ' produces a mere re a c tiv e  sulphonate the 
' low y ie ld  o f the d -d ie thy l t a r t r a t e ' d e riv a tiv e  possib ly  being'due" to" i t s  • j.;
: rap id  ^reaction 'w ith  jy r id in e  hydroohloride* f h i s 'i s " to  be expected since • j
.the e lec tro n ■ displacements 'towards th e  <&'rho2^ ' ' ' ;'grocip increase  th e  j
. tendency o f  the ‘ sulphonate group* to  ‘ en te r ' in to  ■ su b s titu tio n  reac tio n s ‘ j
because of; the consequent weakening o f the sulphonate to  carbon bond*
Blto s y la te of d ~ iay tra iitl#" '.
1W  11 MHW*1*UUIW[<p».)»i.w»wiiiwi>H—ii1 mm j r  i •■'rnw-f
T his to sy la te  containing a r in g  s tru c tu re  was prepared.,for fu rther.: j
■ com parisons,,d - ta r t r a n i l  being  made by 'the' method o f Casale '(Gazgotta*. ,1917* j
m m  and allowed to re a c t w ith tosyl. ch lo ride  by the general method |
described, above*' Impure to sy la te , y ie ld  about .45^* was obtained which ©ould 
no t be p u rif ie d  owing to  i t s  alm ost complete in so lu b il i ty  in  a l l  so lven ts 
except pyridine* The increased y ie ld  compared w ith th a t o f d -d ie th y l 
‘ t a r t r a t e  d i to sy la te  m y  be due--to increased  s ta b i l i ty  o f to sy la te s  o f  r in g  
compounds, possib ly  because o f hindrance by the ring ' to  en te rin g  and ' 
re a c tin g  ra d ic le s  or a lte rn a tiv e ly  by the  n itrogen providing e lec tro n s  to 
meet the  e lec tron  displacem ents due to  carbonyl groups so th a t  no weakening
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Attempted p reparation  o f the  to sy la te  o f  oot&nol-S*
y nyir|1ffT^ r .Triif1f.r i’IT-, ll, |ill n ni 111 nuw h i I it  ~iBfn  n ipi .mu Mm i i*T'nntiiiiinfi»iii rmmiT*iTrfr,Ti|*|*<l»'i 1 umi« » n mm* ■Tnwin»i> urn m ii ii ' ' i*>inrM'iTfw*ii» r  11 i nn  n - •r n^TiTHBninrnmr »f t
In an attem pt to  prepare a  sulphonate by d ire c t  reac tion  between an 
alcohol and the  f re e  ac id  octanol-2 was heated a t  110°G w ith j>-toluene* , 
sulphonic acid*: Ho reac tion  was'apjiaLrent':the y e a o ta n ta -se ttlin g  out in to  
tw o 'layers vigorous s t i r r in g  being  necessary to  m aintain a dispersion* 
A fter 24 hours the  reac tio n  mixture m s ' poured in to  water and th e  octane! 
recovered unchanged* "
o sv la te .
'■'/'This sulphonate was'-©bhained/ih y ie ld s  o f  over 75^ b y : the  above 
general:method as  ag a in s t y ields.-of 67;f quoted in  Sekera and Ih rv e i ( loo* 
o i t *)' - when reac tio n  u s  a t  room' temperature*/'
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Bengyl tosylate*
This compound i s  very re a c tiv e  and hence d i f f ic u l t  to  iso la te*
Tims Gilman and. Beaber ftf# Amer# Chem# Sqo*« 132.3* ^22) using  the
method' o f Hahn and W alter ( loo* c it* ) obtained an mi s tab le  to sy la te  which ■ 
decomposed w ithin an hour in  a vacuum desiccator .over sulphuric  acid* v.
By the. pyridine method a  w ater-soliib le  pyridlnium s a l t  m s  obtained :. 
(Ferns and Iftpworth*" loo*- o i t *) b u t the te sse ra tu re s  used were high and 
on using the above modified general method the  tosylate-.was obtained in  
'30$ yield* . This i s '  considerably lower than .the 8Q$ y ie ld  recorded by 
'Oilman and Beaber .(lee* c it« ) b u t the- product i s  stable# The s t a b i l i ty  o f 
th is  to sy la te  when prepared a t  low tem peratures has a lso  been demonstrated 
by Tipson ( j#  Org* Chem#*' 1.344* %  233) 'who made th is  to sy la te  by a  low 
temperature pyrid ine method and by means of fu r th e r  m odifications 
in c reased 'th e  y ie ld 'to  40$*
Attempted p repara tion  o f the to sy la te  o f p i c r i c  a c id . .
awiiiiiim»ir.-oiinwiiiijli>iiiiwriir.iiw<ai*nfriri'.i>iitwiiirT»iiiiiii* ii ffi.iiri i nri-irt-^nnir--tw i1-' i iriiiif ••■ - T l f -  t -  •**"* '*“i ,1" *'—r ■ ■■
Because ;of the successful preparation  o f the  previous to sy la te  by the 
pyrid ine method another attem pt m s  made to  prepare the to sy la te  o f p ic r ic  
a d d  by th is  means. As in d ica ted  above th is  method leads to  .the 
pyridinium s a l t  bu t since here again no precautions were taken to  m aintain 
low tem peratures (Bell* loo*' o i t #) the experiment m s  repeated using  the 
modified general m ethod#,,It m s  found, however* th a t  even a t  low
44- **
tem peratures th e  pyridinium s a l t  i s  obtained in d ica tin g  th a t the to sy la te  
o f p ic r ic  ac id  i s  very reactive* '
i t  t e n  ted -preparation o f a n isy l to sy la te , ■
:/ Compounds containing 2~ or 4* a lko^r nuclear su b stitu en ts , often, show 
abnormal pa operties. due to  ..the e lec tron  re le a s in g  power o f these groups ■ 
c*f*;. a  se rie s  of .papers by Kenyon* B&lfe and co-workers {£, , 1342, 605i 
£,.1946* 797*. 803..and-807), Where reac tions o f  cafb ino ls having a  2~ or 4 - 
alkoxy su b s titu ted  ,. phenyl. group a re  described and since d e riv a tiv es 
of. a n is y l ;alcohol also- .behave' abnormally ( c*f* Q uelet, Coa-rot* rend#t.-;1934*.. : 
198, 102; o a e le t ana A llard , B u ll. Soo. Ohlm., 1936, (5 ) , 3, 1794) an 
in y es tig a tt |!^ '\o f '4 ta  to sy la te  a p p a r e l  desirable*. Vi,-..;"'/
Accordingly equimolar q u a n titie s  of an isy l alcohol, pyrid ine and to sy l 
chloride.''were mixed a t  below 5°C* The temperature rose  on add ition  o f the 
ac id  chloride b u t in  no case did c ry s ta ls  separate from the reac tio n  
m ixture and on stopping the  re a c tio n  a f t e r  half-an -hour, an hour and two 
hours* w ater-soluble product a were obtained* I t  would seem probable th a t  
the  pyridinium s a l t  m s  obtained and th a t  the to sy la te  ; o f a n isy l a lcoho l i s  
more rea c tiv e  than th a t of ben^rl a lcoho l due to  the  e lec tron  re le a s in g  
pov/er o f th e  p^methoxy group.
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4  ~ Bethosy ■- -phenyl tosy late*  ^ '
; This tosy late*  obtained in  good y ie ld s  by warming equimolar amounts 
■ o f the phenol and to sy l ch loride in  excess pyridine* m s  prepared bo 
continue the study o f 2- o r 4» methoxy, su b s titu ted  confounds.
:phenyl and 4 -  n itrophenyl tosy lates,, ' - 1 "  " "  "
' These compounds a re  w ell known and were prepared by the procedure 
given in  the previous paragraph*
This compound m s  made by the in d ire c t  method; d isclosed  in- ; 
D . 1 ^ ;:162* 3 2 2 * - h
2a 4 •** S in itrophenyl ■ to sy late*  • ■ ■ ;
"  'Since' the normal pyrid ine method y ie ld s  a  ch loride th i s  compound i s  
made by reac tin g -th e  d in itrophenol w ith to sy l ch lo ride  in  aqueous sodium ;
■’ carbonate (Ullman and Hadai. loc* c i t . ) . - I t  has since been shown by,-
*  ■ ^  ' t wjui i imWiB f  *
Tlipson ( Ioc»- o i t ») th a t  i t  may be obtained by the pyrid ine  method provided 
-the; reaction , i s  stopped befo re  su b s ta n tia l q u a n titie s  o f pyridinium  s a l t  
a re  form ed.: ■
■ tsioiibs of bbaotto mmmim. ■
Reactions o f  to sy la tes  f a l l  wM in  the general f i e ld  of. replacement 
reac tio n s which have been divided in to  two main c la sse s  designated Sy and 
Sp (Bujfcea, m n s .  garafiay Soo., 194.1, 3.7, 603).
. , Thus in  a simple su b s titu tio n  reac tio n  o f type
I ’ ! ' ' ' . -i •I ' .
T > H - 4 - i  a«.i
the cleavage a t  the E -  X bond may take place, so th a t e ith e r  residue E o r X 
re ta in s  a preponderance o f the i n i t i a l l y  shared e lec tro n s depending on 
whether the expelled group'X ; tends to  separa te  w ith o r w ithout i t s  e lec tro n s 
and whether the group,'!, uses i t s ,  e lec tro n s to  a tta c k  the  nucleus, o f 1  o r 
i t s  nucleus to  combine w ith 'th e ;e lec tro n s-o f B* ■ The former type o f  
su b s ti tu tin g  agent i s  termed wnucleophillo** and - th e  l a t t e r  tt e lec tro p h ilic "  
and. the re a c tio n s 'a re  named accordingly:  ^ ,
n  .t a.*
T t  E:
:X ■— > iL i I  +; SX — nucl eophi l i c 
X   ^ B « Y + X «•**•*«* d e c tro p h ilie *
Each m ln  c la s s  i s  divided in to  two according to  whether the reac tio n  
i s  uni* or M - molecular,; a s  defined below," i»e« the reac tio n s a re  sa id  to  
be Sf!j1 * Sgi and
-  17 *
■In iiie bi«mQleqular proaess the attacking, reagent T : approaches! the
molecule IX along the l in e  o f i t s  a x is  E * X and on the opposite side  o f 
E to  S w h ils t X sim ultaneously recedes so th a t  the residue  E i s  never 
k i n e t i d i l y  f r e e : the tra n s it io n  stage being  represented
In  th is  process bo th  molecules a re  undergoing covalency changes hence the 
term bi-mole c a la r . The uni^iaoleoular process* however* •proceeds v ia  a  
slow io n isa tio n  o f  EX* in  which the .group T  may take no p a r t ,  followed by 
a rap id  reaction  between the ion formed and the  su b s titu tin g  agent* Here* 
in  the r a te  determining stage, only one molecule I s  undergoing covalency 
changes so the  reac tio n  i s  said  to be tmi^molecular*
Thus in  the hydrolysis o f a lk y l ch lo rides-these  rea c tio n s , bo th  o f . 
which may be proceeding together* m y  be represented?*
m t  4* n  » ■ e  « m  *■ % 2
B — X  slD'T -  R+ + X~
E+ + OH in raPla ,.~» E OH
th ese  mechanisms have been deduced from k in e tic  measurements sad® 
during the course o f su b s titu tio n  reac tio n s p a r t ic u la r ly  w ith resp ec t to
S|j reae tio n s accomiariying a l ip h a t i c ‘su b s titiiio n *  ..Further evidence, is*  |
however* a v a ila b le  from stereochemical. changes accompanying such reactions* || |
Thus in  the bi-m olecular reac tio n  i t  is- c lea r th a t  a s  % approaches E ijjj
and X i s  sim ultaneously receding on' the  opposite side* :,the valency bonds o f  |: |
■ E must in  e f fe c t  tu rn  in sid e  out to  accom odate X e sp ec ia lly  sine© i t  seems 
’th a t  E has l i t t l e  f re e  existence a s  an ion so th a t X. remains a ttached  to  1  |||
'u n t i l  Y is . i t s e l f  so a ttached  and consequently I f  the  valency bond th a t  i s  ; j  | 
ruptured in  &•«*. X i s  th a t o f an asymmetric • carbon atom a.,’balden' inversion  j j
ensues'and l i t t l e  o r  no lacem isatiou  results*,'. ■, . „ ; ■ ; I
-'■’ In ’ ih e  oas©-- of "the uni^aaolecular mechanism* • however* the -lib e ra ted  ion  j j
E w il l  become, p lanar and .lose, its..asymmetry.and. subsequent- a d d it io n .o f%. to, |
e ith e r  -side of the ion. w il l  re su lt, in  la rg e ly  raoesdaed products* ...The ' - } 
s l i g h t :inversion  o ften  found in; .these re a c tio n s - is  .explained on the j|
assumption - th a t - the receding .group X to.: some ..extent .shields th e : nucleus from j
a ttack ; on th is  . side  b y ; the  en te rin g  group: X . so . t h a t ; the nucleus tends to  [ |
re a c t more ^easily w ith X on the side  opposite to  X and again inversion  . [
resu lts*  . j
These reac tio n s find  i l lu s t r a t io n s  in  the bi-m olecular hydro lysis and |j
a lco h o ly sis  o f o p tic a lly  a c tiv e  y3 * n -t o c ty l ha lides and of o (-  bromo**. . ij
propionic ac id  and i t s  methyl e s te r  where inversion  o f configuration  w ith  j
alm ost complete re ten tio n  o f a c t iv i ty  occurs and in  the uni^molecuXay : j:
hydrolysis o f o p t ic a l ly  a c tiv e  y3 -  n -  o c ty l ha lides and o -^. pheny 1 -e th y l ,. ]
ha lides where inversion  accompanied by extensive raeem isation re s u l ts .  i j . !
(eovfflrey e t  a l . # J . ,  1937* 1252) .  |
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•as 'the yeactan ts a re  concerned experiments show th a t  increase  
o f e lec tron  re le a s in g  •p roperties in  the  group B r e s u l ts  in  a tendency to  ; 
change from 3^2: to  f h is  ag rees w ith ■ the view t h a t 1 groups which -supply
e lec tro n s in h ib i t  .the approach 'of a  nucleophilio  reagent: necessary, f o r  •■3^ 2--’ 
and a t'.th e  same; time, favour d isso c ia tio n  and therefo re  -%1' r e a c t i o n s * •'
Ihus in  the hydro lysis o f a lk y l h a lid es i f  a, s e r ie s  o f a lk y l ■ groups a re  ^  
placed in ' order o f tendency , to  re lease  e lec tro n s the r a te  a t  - f i r s t  dim inishes 
slowly, during a- second order or 0^2 reaction  and- then, a f t e r  passing  through 
a minimum where f i r s t  and second o rd e r-k in e tic s  a re  mixed, becomes rap id , the  
k in e tic s  being' f i r s t  o rder and the reaction- % 1 * - S im ilar r e s u l ts  a re  
obtained .when B i s : an a r y l  o r mixed axyl^carbosyl&t©"'group (Hu#ie©# ■ ffrans* 4- 
^oca, 1933, 34, 1851 Hughes and-fahey, J . ,  1940, 956)*
Mechanism
- Group (B) :- i '  CH^ Ee '■ • :CH(l£e)2 C(j£«)3 .f:
CBj- ' 1 CSH^ i#: C!i(Ke)(COO) C(!Ie)(C00)
: / e ^  - CH2 S 1  ' - a i(i% )2 . . ... c(i% )3
• SI2 CC0 0 ) ca(ph)(c»0) ; ■• <2 1 ( 0 3 0 ) 2  ■ - .--'e
Sim ilarly, solvents esv a lso  a ffe c t  the reaction according to tshether 
they are strongly ion ising  or not. fhus the former c la ss  o f solvents 
encourages an increase and in h ib its  a decrease in  the Eagnitude o f . the : ’ 
charges concerned and a lso  hinders charge d istribution , Thus reactions o f
fcenzhydryl h a lid es  w ith ha lide  ions a re  h i-m olecular in  acetone and u n i-  
m oXeeuIarin liq u id  sulphur dioxide (Bateman, Hughes and Ingold , J* , 1940,
10115* , .. .
. Solvents may a lso  play  an im portant p a r t  in  masking the tru e  r u c t io n  
mechanism (Hughes,. Trans* Faraday Boo*, 1941, ^7 , . €03) * > Thus In  th e ir  
absence the  en te rin g  group i s  derived from a  reagent p resen t in  small and 
• © oniroilable proportions and, the and %1 reac tions a re  in  f a c t  second 
and f i r s t '  order respectively*  With so lv en ts , however, e sp ec ia lly  in  
hydrolyses, the en te rin g  group may come from a  re la t iv e ly  la rg e  amount o f  . 
solvent so th a t the  reac tion  w i l l  always appear to  > e  f i r s t  order 
irre sp e c tiv e ' o f whether i t  i s  in ' f a c t  %  1 o r B^2m . Methods a re ,  however, 
a m iia h ie  fo r  a s c e r ta in in g which of these reac tio n s has; occurred includ ing  
. th a t; ©f the study o f stereochem ical changes during the reaction  ou tlined  
above*
of-MOKdsoOTDmsEs-m m m ' M r  m w m  
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. The previous section  in d ic a te s  the importance o f .k inetic  a tax ie s  in  
determining reac tio n  mechanisms and of-.'their r e la tio n  to  o p t ic a l ' changes*-'-' ■ 
Before "fee s ig n ifican ce  o f  .such studies- m s  fu l ly  re a lis e d , however,-- - ' 
eonsider&'bX© progress in  the study o f  • the  'raechanisk'.of su h s titiit ie ii ' had heea 
made hy fo llow ing 'the  reac tio n s o f to sy la ie s  o f  o p tic a lly  a c tiv e  secondary 
alcohols' notably  by Kenyon, P h il l ip s  and; co-workers*
; Thus in  the c la s s ic a l  op tica  I c y  c l  e f i r s t  observed 'by Walden ( Ber* f ; -
1W * "32*
":;V .■ . . Ag20'.   ,
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. d-iaaXid a c id ■ . t d - c h l o r o s u c c i n i c  ac id
i t  i s  ..apparent ..'feat -two inversions occur although i t  is in m o ss lb le  to  say 
A e th e r  .inversion-occurs on reac tio n  w ith . s i lv e r  oxide o r w ith the  |
phosphorus .chloride, f o r ; compounds.. o f ; s im ila r .configuration do no t n e e e ssa rily  j
have ro ta tio n  .o f  the same sign ©*g*, ( 4 *) ..ethyl, l a c t a t e . has the same |
configuration, a s  .| - }  l a c t i c  .acdd*.-; j
•■ ..In.. the  to sy la te  f ie ld *  however, i t  has-.been shown By .Kenyon and P h i l l ip s  
(grans* Faraday Boe* , 1930# ££, 451) th a t the  p rec ise  p o in t o f inversion  ray  
he deduced from the scheme ou tlined  "below: -
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Here valency bonds o f the  asymmetric carbon atom a re  only a ffe c te d  in  the 
reaction© with chloride  and a c e ta te  ions so th a t  inversion  c le a r ly  lakes 
place a t  these s tages, A large  v a rie ty  o f o p tic a lly  ac tiv e  to sy la te s  o f 
secondary a lcoho ls have been prepared and subjected to ' th is  s e r ie s  o f 
reac tio n s w ith s im ila r o p tic a l r e s u l ts ,  They have a lso  been allowed to  
re a c t  with a  considerable number o f reagen ts, generally  in  a lco h o lic  
so lu tio n , and u su a lly  inversion  w ith more or le s s  complete re te n tio n  o f 
a c t iv i ty  resu lts#  Thus such 'reagen ts a s  lith ium  ch lo rid e , sodium bromide 
and potassium iod ide  in  a lcohol commonly y ie ld  the. corresponding ha lid e  w ith  
inversion  and alm ost' complete re te n tio n  o f  o p tic a l a c t iv i ty ,  and potassium
and sodium s a l ts  o f such ac id s a s  a c e tic  and, benzoic y ie ld , in  a lcohol 
so lu tion , the corresponding c a r b o n a te  again w ith inversion  and re te n tio n  j 
o f a  h i #  degree o f o p tic a l  a c t iv i ty  (P h i l l ip s ,  £ # , ■ 1923»-.--123» bkt Kenyon# . |jj 
P h i l l ip s  and fu r le y , £ . # 1925,' 127> 399}* Reaction is ;  o ften  rap id  w ith 
formic and a c e tic  acids" to  y ie ld ; the  corresponding formate or a c e ta te  ' . j 
(Keryon, P h il l ip s  and P ittm an, ■ J* , 1935,' 1072) and e sp ec ia lly  when a lk a l i -  j?L 
m etal s a lts ' o f  the  corresponding a d d  a re  p resen t (P h i l l ip s ,  loc* c i t* ) | 
h u t the  products a lthough  Inverted  o ften  do not' retain- such a' h i #  degree |;|
' o f o p tic a l a c t iv i ty  a s  I n  the reac tio n s  in  a lco h o lic  solution# In 
reac tions in  the l a t t e r  medium "the a lc o h o l: i t s e l f  o ften  lakes p a r t  to  give j; 
an e thy l e th e r  u s  a  by-product; again inversion  and a measure o f >; .p :,-x. •:
■ racem isation r e s u l ts  (P h illip s ,-  l o c»’’e tt»  and Kenyon, P h il l ip s  and f  u rle y , !' 
log* c it» )» In  a l l  solvoly t i c  rea c tio n s  d e f in e s  may a lso  be formed ' ' j:
probably by a  re-arrangem ent o f a  l ib e ra te d  cafbonium ion (P h i l l ip s ,  J* ,
12?,::25gS)» v ' f--p, " ;-.-..:.,vyhv;' ‘ ' i
■ - Mono* and secondary amines a re  r e a l l y  a lk y la te d  by sulphonio e s te r s  ; 
although w ith t e r t ia r y  amines the quaternary tomonixm s a l t:  o f  the  . 
sulphonate i s  often-form ed (Cary, ■Ticliar and Schriner* g * . Ohem», 193£>#
£# 280)• • O ptical p ro p e rtie s  o f  a lk y la ted  amines so'.obtained d i f f e r  from | 
reac tion  to reac tio n  in  no fo reseeab le  fasMoh. f o r .Kenyon, P h il l ip s  and 
Pittman* 1o q » ’ e i t * : .have' shown th a t  a o tiv e  to sy la te s  o f sec* butanol and 
benzyl methyl and h e ^ l  methyl m rb in o ls  .reac t .with amines e ith e r  w ith  or 
w ithout’inversion 'and  always w ith extensive racem isation* She
«— 22$, * » * * • ■ "
racemisation would seem toVindicate ..that, the f i r s t  step in the reaction
is  : > : - :/
’ ■:;:./VV ::V E . ^ S . / '_ ^  \3 f?  O^-.V- V
■ and i f .  $fais. i s  /sera  .^sylata.,w |d:c|i,,'reacts w ith amines- woiiid .be 'especte l- to  ■ 
;:r e a c t ; a lso /w ith  say X* ,o r r.OAo*#,''vBut .in. th e e x p e ria e n ts  h e re in a e s c r ^ e a ,  and 
■generally in /s u l# a n a ia  e h e m is try ,.th isd o e s  no t alw ays, hold fo r  reasons ■ 
;.wMch#/at p resen t, -are.obscure#- :/.V-;',:-. / . ,: ' '
//V-/1; In  a l l  the/above, reac tio n s  i t  i s  b le a r  th a t  :.the 0*0 and not^the:0*Sx.:i: /- 
bond i s  ruptured fo r  i f  the,, .la tte r  bond i s  broken ,no configu ra tional changes 
could occur*. E arly  .on Ferns and Lapworfh ,(3V» 13l2a 101, 2 1 $ ):had .'.aham-v ■
! th is /  to: be the case /fo r  simple a l ip h a t ic  suXphonates from .a,- study, o f - the  
products obtained* Thus with, a lcohols two reac tio n s  a re  p o ss ib le :*  ■ ., /
: V °  .■-■! '■ , " - :' V "  >
E m -"1* E -4* 2tn03 . **"^ * E .* S.—■ 0  *- H-# E* OH*1 —
0  ■ j ■  ^ 0
M  ..- .- :.: ^  ■:
a  v  S - | - 0  —  ,B* * H»oa S  -  S * 0  -  E‘ ♦ B* OH
, /%» //v ,..--.,-:',v ./ / -.,„■/;.- p,:,.
and. the  production,- o f ethers, in ' su b s titu tio n  re a c tio n s  o f t h i s  'type'; i s  t  
c le a r  .evidence - in  .favour, o f: mechanism (A) * She rup tu re  of the. G * 0 bond . 1 
i s  a lso  im p lic it  in  the  production of. © le f in e s -* , ,-u -V ,.--,/ . :;-/
* 25
" So f a r  a s  the  hyd ro ly tic  rea c tio n s  of sulphosnates a re  concerned,, 
however, the  p o s itio n  i s  somewhat obscure b u t even here i t  would appear
Thus d -e th y l Xactyl to sy la te  I s  hydrolysed with, e*g* aqueous sodium 
hydroxide and s i lv e r  oxide and a lso  w ith  a lco h o lic  potash to  give 
d«*ethyl la c ta te  although s l ig h tly  racemised, and i t  was thought t h a t  the  
0 -  S bond had been broken to  give a  fu l ly  a c tiv e  la c ta te  (Kenyon, P h i l l ip s  
and T urley, lo c . e it* )  and th a t  subsequent racem isaiion was due to  a  
subsid iary  mechanism ((c) below) advanced to  exp la in  racem isaticn  occurring 
during hydro lysis o f e th y l oO-bromo-propionate (Senter and B a lle , £ ,  1912, 
1011 2528$ Senter and Ward, i b id , ,  2528)
probable th a t  normal mechanism i s  v ia  0 - 0  ru p tu re .
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When d ie th y l la c ty l  to s y la te J ls  hydrolysed w ith  a lco h o lic  potassium 
carbonate, however, the  product i s  in v erted  although considerable 
raeesraisation occurs, whence i t  follow s th a t  th e  0 - 0  bond must have been
broken (Kenyon, P h il l ip s  and hurley , lo c* 'c it* )* : ■
Racexsisatlon w ith a lco h o lic  potash © 7  occur because the  e th o id ie  
p resen t . i n  the  iDixtur© a t  eouilibriurii; g
KbHt V j t t®  ;■*==* itoic + %o.
may cata lyse  racem isatioa by a keto»enol mechanism (Organic Chemistry, Gilman*
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.. The retention^ o f/con figu ra tion  in  the  hydro lysis o f  d ie th y l la c ty l  
to sy la te  say  a lso  be accounted fo r  by a .mechanise* advanced to  explain  
anomalies in  the analogous hydro lysis of e th y l <s -*bromo«propionate ra th e r  
than by  the 0** S . cleavage given above*. Thus e th y l ct-broao-propionate my 
be hydrolysed e ith e r  by the norr&l Sjrt .reaction--; to : give a .wholly inverted  
product or b y :a f i r s t  order reac tio n  w ith alm ost complete re te n tio n  of 
configura tion* . ■ The l a t t e r  r e s u l t  has been explained by Hughes (£*, 19M>, 
9 6 8 ) a s ’ probably/due to  the  b in d in g  o f t h e ; cation ic • centre by /the 
\-.@.rbo3jy la te  ion pending so lvent a tta c k , the. charged su b s titu en t be ing  ; 
o rien ted  away from the elim inated bromine ion and the pyrlmidal s tru c tu re
.0 s 0 
- /  \ ,
being m aintained u n t i l  a. new group e a te rs  the  position  m <^ied by th e  old 
one thus lead ing  Id.' re te n tio n  o f configurations a lte rn a t iv e ly  Grunwald and 
Winsteia. ( J« Amer* Ohem* Boo*, 1943, 70, 841) explain the  reaction- on the  ■ 
a ssw p tio n  fe a t an o^~Xa©tone'
/ ° \
> 0  —  C * 0
i s  formed by an Intram olecular reac tion  o f  the earbox$jate ion w ith . 
inversion  Of configuration and then undergoes M-molecmXay reaction  w ith 
an anion again by inversion  to  r e s u l t  in  o v e ra ll re te n tio n  o f  confi©^ati©n*' 
U su a lly ,, however, bo th  uni*  and h i -  triolecular reac tio n s  proceed together so 
th a t  products o f  varying o p tic a l p ro p e rtie s  a re  obtained* t n  the d -e th y l 
.la e iy i to sy la te  experissents v4th  hydro ly tic  reagents an oC~carboxylate ion 
i s  p resen t and i t  i s  suggested th a t  when re ten tio n  o f  configuration  occurs 
0 * 0  f is s io n  has taken- p lace w ith b ind ing  a s  ind ica ted  above# Further 
confirm ation has been provided by Benyon (Bh* p . T hesis , Bendon Bniw ersity) 
who has shown th a t hydrolysis o f sulphona te s  n O Tally occurs by a uni* 
m olecular reaction  b u t becomes b i-m olecular in  strong a lk a l ie s ,  :
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. fh e  re a c t iv i ty  o f sulphonates i s  a ffec ted  to  a  considerable ex ten t by 
su b s titu en ts  i n : t i e  a l ip h a t ic  chain*
. R eac tiv ity  i s  lessened by a  ■ fb ^ch lo rine  atom possibly- because the 
e le e tro p h ilic  na tu re  o f th is , atom hinders r e a c t io n 'a t  the CIJ2 ~ 08 linkage* 
Thus whereas ethanol refluxed w ith benzene sulphonyl ch loride gives . 
numerous products, the unsubstria ted  e thy l benzene sulphonate being  
postu la ted  a s  a  h igh ly  re a c tiv e  interm ediate- (K ra ff t and Boos, Ber*> '1893, ; ■ 
'2 6 ,- '2 8 2 3 ):;
' :■; ph SOgCl* BtQGf — -> Ph % B t  4. .:H;.,01
ph — > yk'tsojper* { it jp o  * ’ '; / ‘
ph SQjBi.* HOI' — » St 0 1 + Bh'SOjE'
ethylene, ehlorohydrin the corresponding ehlorosulphona te  under s im ila r
conditions in  high y ie ld s  and without, side, reac tio n s because o f i t s .' ■. 1 
comparative inertness-(Clem o and Perkin , J* , 1922, 121, 6 4 2 ) ♦ ,
ph S0 2 0 1  * BDdlgOHaOi 9 Bh.SOjCHpOHgCl + W l  : ;
. Carbonyl o r carboxy groups, however* appear '.to enhance rea c tiv ity *  . 
th u s  a l i t e r a tu r e  search made when d ifficu lty ..h ad b een  encountered in  the . .
■ p reparation  o f the d ito sy la te  o f ■d~diethyl t a r t r a t e  showed th a t  very  few '
such sulphonates had been p repared■and only in  one case, th a t  o f d -e ihy l 
la c ty l  tosylat©  (Kenyon, P h i l i p s  an3 T urley, loo .  c i j . )  m s  a gpol 'y ie ld  
obtained; the to sy la te  o f dl-m etbyl la c ta te ' (Freud ehberg and EM,no, Ber* s 
192k*’’ 57*: 1 W f)  • and th e . benzene suXphomie o f benzoin (F o ld i, Ber. ,  1927, - • 
€09 6 5 6 ) being  made in  poor: y ie ld s  and th e to s y la t s s  of, desosycorticosterone 
and sim ila r Jceto ls were unobtainable by th e  normal, pyridine method.
■ ( le ie h s te ih  and ^Schindler, Helv. Chlm. A cta ,,1 9 4 0 a; 23, 6 6 9 ) .  This, 
d i f f ic u l ty  in  preparation  a r is e s  because o f  the  h i#X y  rea c tiv e  na tu re  o f ;■ 
the  sulphonate obtained  so " th a t s id e  reac tions occur* ' The deso^xy cor i ic o  s*. ■ ' 
terone  ■ to sy la teap ro v ed  w ry  rea c tiv e  re a d ily  giving pyridinium sa lts#  ..
Th© e ffe c t remains when; su b s titu tio n  i s  a t .  the ~@arbon atom fo r 
1  * carbethoxy - . 2 — tosy l-e ihane  proved ; bo th  d i f f i c u l t  to  prepare and 
h i^h ly  rea c tiv e  (Glemo and Walton, £*, 1923, 723)*
: The presence o f  yd-y e thy len ie  bonds a lso  • tends to  inerease  r e a s t i v i l y . . 
possibly: because th e  oC**carbon atom o f  th e  earb inol from which, the.. • 
sulphonate i s  derived becomes more p o s it iv e  and. hence more re a c tiv e  to  
n uc leoph ilic  reagents* Thus a l ly !  tosy la  te  i s  very re a c tiv e  (F o ld i, Ber. , 
1 9 2 0 , 5 3 , 1 8 3 6 ) and the tosy la  t e  of phenyl methyl, earb ino l i s  only obtained 
a s  .an un isa lab le  h igh ly  re a c tiv e  in term ediate  (Kenyon e t  a l  * 1933, 173)# 
i i t  has already  been mentioned th a t  benzyl tosy la  te  i s  very rea c tiv e  
: and th is  has been confirmed by reac tin g  th i s  to sy la te  w ith potassium a c e ta te  
in  e ith e r  b o ilin g  ethanol o r -a c e tic  a c id . In  each case re a c tio n -m s  rap id  
to  y ie ld  benzyl a c e ta te  and, in  the  former case, some benzyl e thy l ether*
-  30
; The e f fe c t  o f  the presence o f a long carbon chain on the r e a c t iv i ty  
o f .. sulphonates m s  in v estig a ted  by 'reac tin g  oety l tosyla te  w ith both''Of the  
v above reagents* ,- The speedy form ation ' o f . the corresponding; ce ty l d e riv a tiv es 
; pointed to no narked evidence o f a lessen ing  in  r e a c t iv i ty  due to  the 
■presence o f the long' carbon'chain*'.m.
:■ - oC^iAtkyi.-substituents a f f e c t  sulphonate r e a c t iv i ty  a n d ' fo m  the la  s i  s' 
o f  ' th e  Oldhasi-llutherford ru le  ( Oldham, and lu th e rfo rd , J , Amer*:' Chem* Soc*,
1 9 3 2 i  J5 4 ,  - th a t  i t  i s  only the su lphonates; o f ’primary alcohols' which
undergo double decomposition rea c tio n s  with sodium bromide or sodium. iod ide  
.in  acetone solution* Many exceptions to  th is  ru le  have now been found, 
--however (B e ll , Friedmann and Williamson,- £*, 1937, 2y2; Tipson and ■ 
Cretcher* .7 * Qrg* Ohem* * -1943» B, 93, Hess, Hahn and Hudson. J  * M er* ■ Ohem.
• Boo** 1 9 4 §£» 19011 Hockett e t .  a l« ,  ib id * *' 194^* &S» 930j C larke and 
.-Oweny £ * , ' 1 9 4 9 , - 3 1 5 ) b u t an idea, o f the  r e la t iv e  r e a c t iv i t ie s '.o f  
sulphonates mayvbe obtained by weighing the "sodium p - 1 0 luenesuiphonate 
deposited a f te r  a given time and by this-'means Tipson, Clapp and C retcher 
-' (^* Qrg» Ohem. , - 1 9 4 7 , .1 2 , ■ 1 3 3 )' have shown; t h a t ' to sy la te s  o f primary . j- 
alcohols, a re  considerably more rea c tiv e  than ’those : o f th e ir  secondary ■ 
analogues.*' - Furthermore o le f ia e  formation i s  more ap p aren t.in  reac tio n s  o f 
secondary than o f primary su lphonates; thus menthyl and hornyl (Ferns' and 
■ Hayworth, loo* c i t .V and  cyclohexanyl tosy la  te s  (Bucket et* a l . ,  in n a le n , ' "
: 193QS 4 7 7 , 143) may be mentioned in  th is  'respect the l a t t e r  to sy la te  even 
w ith dilut© 'aqueous sodium hydroxide y ie ld in g  eycIoh.exe.ne* -
In  the case, o f d i^ to sy la te s  i t  i s  shown th a t  a y3 -su lp h en tte  group 
leads to  a 'marlced diminution in r e a c t iv i ty *
mechanism as w ell a s  a f fe c t  r e a c t iv i ty .  Thus tran s  2-acetorsy^cyolo- 
hemanyl io sy la te  with potassium a ce ta te  in  a c e tic  ac id  gives the  tran s  
and n o t the  cis-: d iac e ta te  expected .by' normal su b s titu tio n  via Walden : ; i
w c jjn w f r iB *  i  ■ *r . w n «  r j« rn g »
inversion  (Oriegee and Stanger, ,Ber«v -193$$ &9» 2755)* -;This r e s u l t  ■
Win s te in  and Buckles ( j »  Amer* Chesu Bo o » s ;1942, 6 l  s - 279?) explain; on the 
assumption th a t  a r in g  in term ediate  i s  formed with th e  neighbouring a c e ta te  
group,which th en ;reac ts  w ith another a c e ta te  ion inversion  occurring  a t  
both  Stages*-* .
S ubstiiuen ts on the y# -carbon atom may a lso  determine the reaction
h- c— o/tc h - c— o h - C — O h c
TSO-G-H c—o AcO-C-H
and confirm ation i s  obtained by e ffe c tin g  the  above reac tio n  'with an ' 
o p tic a lly  a c tiv e  tra n s  ■** 2 «*a cetoxy-eyelohesanyl to sy la  te  when an in a c tiv e  
diacetm te r e s u l ts ,  such lo ss  in  a c t iv i ty  being shown in  reac tio n s  involv ing  
an in a c tiv e  in  te rm  l l y  compensated'intermedia to f ' Water a f f e c ts  the "• 
re a c tio n , however, and i f  p resen t a  c js  monoacetate i s  formed possib ly  v ia  
an  unstab le  ortho a c e ta te . in te rm ed ia te :-:" :
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varying  q u a n titie s  o f c is  and tran s  products 'being obtained according to  
the amount of water present* In  the absence o f potassium a c e ta te , a c e ta te  
ions coming only from the a c id , a  c is  d iac e ta te  i s  formed, probably a s  
fo llo w st-
H e
n .  „ O A c  p i e  o
0 y  0  o '  X ) ------ > 0  " OAc
Z  ; / i  I ' \ Z — CJZ C\ £  C N s'-'
I t  i s  o f considerable in te r e s t  to compare the reac tio n s  of 
sulphonates-.with those o f o ther e s te r s  e»g*-.halides and ©arbosylie e s te rs . 
The e s se n tia l  fe a tu re  o f sulphonate chemistry would appear to  l i e  in  
the ease o f f is s io n  o f the 0 -  0 ra th e r  than the 0 -  S bond* This i s
c le a r ly  analogous 'to the mode o f -reaction  o f h a lid es  in  which ease o f  ' |j's
f is s io n  o f  the 0  ** X b o n d is  the im portant fa c to r , and sulphonates and Jiu
■ ■ ■ 3?!-M|
h a lid e s , 1 both  e s te rs  of "strong a c id s , a re  very much a l ik e  in  .th e ir  rea c tio n s . *| '
Walden inversions occurring during hydrolysis o f , a lk y l ha lides have already  j 1
- • - . Ji i i i . i
■ ‘ ‘ ■ 1 1
been mentioned in  Section I I  and a ffo rd  a  co n sis ten t comparison w ith J  | |
sim ila r reac tio n s  w ith sulphonates* O lefine formation i s  p a ra lle le d  “by i ^
dehydrohalogem tion reac tio n s! su b s ti tu tio n  reac tio n s a re  e ffec ted  w ith J
m e ta ll ic  s a l t s  in  a lcoho lic  ©r ©arboxyli© a c id  so lu tion ! amines a re  I
a lk y la ted  and epoxide rin g s  a re  o ften  formed on hydro lysis o f ha lides 
contain ing  hydroxy su b s titu e n ts . In  in d ica tio n  o f  the re la t iv e  re a c t iv i ty  
o f the  chloride and to sy l groups i s  seen in  the  reac tio n s  o f 1  -  chloro -  I j
2  -  to sy l-ethane  where they may be caused t© compete (Gleiao and Perkin, lo c . 
o i t . ) , G enerally the  to sy l group proves the  more rea c tiv e  fo r w ith phenols 
and naphthols the  corresponding 1  chloro ~ 2  ~ phenoxy o r naphthory 
d e riv a tiv e s  r e s u l t  and with bensyl aloohol 1  *» chloro ~ 2  -  bensyloxy- 
ethane i s  formed# With a n il in e  both  groups re a c t b u t w ith methyl a n ilin e  
some 1  -  chloro -  2  ~ W ** methylphenylamino-ethan© may'be . is o la te d , t h e s e  |
r e s u l ts  confirm evidence obtained during the p reparation  o f sulphonates J
using  the  sulphonyl ch loride  where the  frequent formation of a ch lo ride  
ra th e r  than the desired  sulphonate po in ts  to  the  g rea te r  r e a c t iv i ty  o f the 
l a t t e r .  ;
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She 0  ** 0  i«e« a lky l-o 2ygen cleavage undergone by sulphonates on 
re a c tio n  I s  to  he con trasted  w ith  the  normal acyl-o^cy f i s s io n  o f  e s te r s  of 
carbosy lic  ac id s, e s te r s  of weak acids# Urns w ith a lcoho ls carbo;sylic 
e s te r s  undergo th e  so c a lle d  e ste r-in te rchange  reac tio n  and no e th e r  re su lts ;-
V ■ ■. i ■ ■ ■ ! - :
H 0 - 4 - 0  -  fc* * au  o il ^  R coca** + S* Cffit. I . I 'I II . •■ ■■■■'.■ ■' "■■■". ' ■ - - 1 ■ ' ■ V ■' ' ' ;
although e s te r s  o f t e r t i a r y  a lcohols (sulphonates have y e t  to  he made from 
such alcohols) may normally re a c t v ia  aB yl-o^ygen f is s io n  (Cohen and 
Schneider, J» .Amer» Chem.» goc«, * 19M, £3? 3182) and th i s  type of re a c tio n  i s  
a lso  seen w ith  o ther a lcoho lic  e s te r s  when e le c tro n ic  displacem ents allow  
e*g# i f  the  -carbon atom of a  earb ino l contains such su b s titu en ts  a s  r /-- 
o r ^-alkosy  su b s titu te d  a ry l groups e#g. (Kenyon, B alfe  et* a l» , J . ,  1942,
MeO MeO
cooh
C—0 Me + COOH
o r i f  the  carbon atom jo ined  to  the  acyl h u t  n o t the  carbonyl ossygen i s  
a  stronger e lec tro n  acceptor than  th a t o f the  carbonyl group ©*g*. 
(Cliattaway, £♦ , 193$,
-  35 -
V / CCI* P  yC C I3
CHj-C— O — C ~ H  +• NH3  ~ ■» CH3 C + HiN —  C - H
' CH. NO.  W  XcH ,N 0 X
' M  i n  o f  in te r e s t  to  ed ipare a i l | h ^ a t t s  w ith  i^M ilo ro ace ta te s# ' ■ ; ;': -
She l a t t e r  a re  derived from ati aoM, wMeh a itliou^ i n o t so s tro n g  a s  ■. ■ ‘
p~to2 x.pn@ m d^m rdo m id  ri&: a  ’ std)stantial3y ' ; s i r in g  acid* :' th u s  i t  %m a :- '■ 
« * #
high, d isso c ia tio n  constant ( 1 *2 .1 a t  25°C+) and i s  a  riCG-eleotrolyte i n  
sulphonie acid. heneebeing . i ie t in g u is h ^ le  fro a ise a k  ac id s  e*g* fo m io  mod 
d id ilo ro a c e tic  a c id s  iM oli im is a  in  th i s  mlvmxt (B y s ic a l  Organic" / /  
■€&«t>a4^ tay; .P. ' ^ 940 ♦ 3 te  e f f e c t  © f'e lec tron" ' ;
d i ^ a c ^ m t s 'd i ^  f o t r i d . i l o r a r s e t a 'y l  group on the  p o in t o f  f is s io n  .; 
d iscussed i n  the  previous two p&ragsapka is .  a lso  o f  in te re s t*  Accordingly 
the  trio lfLoroacetate o f  o p tic a lly  a c tiv e  ©etanoX .1  m $  prepared*
M m otim  between m  alcoho l ; « 1  a  carboaylio  acM  may p ro v e d  i n  
a n a  © ftw ©  w a y s '»  : ; : ’ - ■ V :
■ - . .  “ »■ “ 3  ♦  *fe°. :
(b) ®jen + a! ooc '** eeij —  toca» ccij ♦ %s
In  ( l )  no valency bonds o f th e  carbon atom a ttach ed  to  the 0 atom o f 
the  a lcohol a re  d isturbed b u t In  (B) one o f these bonds I s  ruptured and i f  
the  carbon atom i s  asymmetric the earbonium ion produced by th is  f is s io n  
should give a  trich lo f© aceta te  'with racem isation o r even inversion .
A study o f the  e s te r  I f  i c a t io n o f  a lcoho ls w ith  strong  ac id s in d ic a te s  
th a t  i t  i s  impossible to  generalise  and say th a t re a c tio n  always proceeds 
v ia  (A) o r (b) and i t  seems th a t  each case has to  be considered separately# 
Thus c le a r ly  when a lh y l h a lid es  a re  obtained from hydrolialic ac id s method 
(B) m ust'operate
'and I t  has been driown th a t  cpiieaX X yaetiva secondary a lcohols re a c t  w ith 
hydrobrom c ac id  to  give racemised o r in v e rted  products {Arcus, £#, 1944, 
2 3 6 ) a lso  neopentyl a lcoho l, a  primary a lco h o l, re a c ts  w ith  hydrobrondc
b u t w ith  tr ic h lo ro a c e tic  ac id  no o le fin e  i s  obtained and rea c tio n  i s  v ia  
(A) (Qualye and  H orton, 3Md*y 1940■ 6 2 .» 1 1 7 0 ) .  3yButane*~2, 3 ^ d in itra te  
made from l-b u tan e- 2 , 3 ~diol and n i t r i c  a c id  i s  o p t ic a l ly  pure f o r  m  
reduction  the  o rig in a l d io l i s  obtained unchanged In  sp e c if ic  ro ta t io n  so
r
l !  OH 4  1 1 : 1  — > HI + VLO
1 1
a c id  to  give the  unstab le  neopentyl carbonium ion  which rearranges to  t e r t  
a sy l brcsaides and d e f in e s  (Whitmore, J# Amer# dfaem# Sec#, ■ 1932# 54# 3279)
th a t  e s te r i f ie a t io n  must have o , ' Meen and W right,
a i d . ,  m 0 , j 2 » 4 5 0 ) .  H i t r ic  (Murray Hust and H artley , Proc# Hoy# Soc# > .
37 -
1929~*3Q> A12-63 Bib) and t r ic h lo r o a c e t ic  a c id s  (Dewar, J * ,  194S, 779), a re ,  
however^' coE para tive lyw eak  i n ' a lc o h o lic  so lu tion*  With su lp h u ric  a c id ,
' which 'remains s tro n g " .in ; a lcoho lic  so lu tio n  {Hanning, Byrne and Bobalek, .'
W* ,Mner» Ohem» Sec*#'' 1.944#;,6 S, 1700) 're ac tio n  w ith neqpentyl alcohol, is. a lso  
v ia  (&) 'fo r  no d e f in e s  r e s u l t  {lhi-feaore and Boihroke, ib id *, 1 9 3 2 , 54#
3431) b u t w ith  a  secondary a lcohol 'such as  dybutanol~2 rea c tio n  i s  v ia  (B) 
fo r  a  rseeiaised hydrogen sulphate ' i s  obtained (Burwell, ib id #, 1942,
1023) and w ith  t e r t i a r y  a lcohols rea c tio n  a lso  occurs v ia  (b) (Organic 
Chemistry o f Sulphur Compounds, Buter, 1944 B&ta*, page 5)#
Weak ac id s seem to  favour re a c tio n  v ia  (a) i t  having been shown by 
o p tic a l  _ methods (W allis' and Adams, 1* Amer* Chesv 8 oc„,  1933, ,35#' 3 8 3 8 ) , b y .
' methods depending on carboixium. Ion  rearrangem ents (Xngold and Ihgold , J . ,
1 9 3 2 ,  1%) and by the use of alcohols contain ing  heavy iso topes o f oxygen 
(Polany and Ssabo, grans* Faraday. Soc»» 1934, JO, 508) th a t  carboxylic  
ac ids re a c t  'in such;a fash ion  and th a t  d-butanol- ^ 2  ’i s  o n iy v e ry  "slowly 
converted to  the hydrogen phosphate by phosphoric ac id  and then w ith  vesy 
l i t t l e  racem isation (Burwell, loc* c5.t«) although reaction ' w ith  su lphuric  
ac id  mentioned above i s  very rapid*
2-O ctyl tr ic h lo ro a c e ta tc  was prepared in  th ree  ways (a) by the  u su a l 
a c id  cata lysed  e s te r i f ic a t io n  process w ith  hydrogen ch lo ride ,  (b) by an . 
au to -ca ta 2 y t i c  method the tr ic h lo ro a c e tic  a c id  i t s e l f  be ing  " the '' c a ta ly s t  : 
and (c) from the alcohol and ir ic h lo ro a c e iy l ch lo ride , The ro ta t io n  o f the  
e s te r  obtained was th e  same in  a l l  cases although. in  (a) and (b) the  
p o s s ib i l i ty  o f racem isation v ia  (B) i s  apparent whereas in  (c) no racem isation
%i s  p o ss ib le  since - the' valency bonds of the' asymmetric carbon ate® are', 
unaffected  so th a t  tr ic h lo ro a c e tic  acid  In  i t s  re a c tio n  towards th is  
secondary octanol behaves s im ila r ly 'to  t h a t  observed w ith .th e  prim ary 
neopentyl alcohol given above i . e .  v ia  (a) .
■ Beactlo:ns.- - ' ' '
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\  p ie  'displacement of e lec tro n s caused.by the  th ree  ch lorine atoms 
' through th e  molecule of 2 -o c ty l tr ic h lo ro a c e ta te  renders the. carbon, atom 
particu la rly '-p rone  to  a tta c k  b y  OH io n s s in c e  the  p o rtio n  of th e  
Inductive E ffec t tran sm itted  along theeh& in  w il l  have l e f t  t i l ls  carbon 
atom p o s itiv e ly  charged ■ a s  - compared ■ w ith ■ the corresponding non-cliloro . 
■substituted e s te r  so th a t  hydrolysis' i s - r a p id  being' complete i n  about th ree  
minutes a t  rocrn temperatures* H ydrolysis a lso  occurs'-' la ' the  normal, fash ion  
v ia  acy 1 -oxygen f is s io n  irre sp e c tiv e  of whether e ffe c te d  In  a lcoho lic  o r  ... 
aqueous so lu tio n  fo r  o p tic a lly  pure earb ino l i s  recovered in  each-case.-. 
This should be coripared w ith the  hydro lysis o f necpentyX tr ic h lo ro a c e ta te  : 
where the absence o f o le fin s  'fo rm ation-is also' in d ic a tiv e  . o f . acyl-oxygen 
f is s io n  ;i s  i s  the production of neqpentyl. ra th e r  than, -other asy i. a lcoho ls , 
(Qualye and Horton, lo c .  c l t . ) * These r e s u l ts  may be expected because i t
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i s  probable th a t t h e C  * atom, being nearer to  the  ch lo rine  atoms, i s  
p o s itiv e  a s  compared with the 6  atom-of the a lky l''g roupB  so th a t  .fission  
appears l ik e ly  along the  C -  0  bond since the  hydro^cyl ion would a tta c k  the 
Q *  atom 1 in  p reference” to th a t  o f B* ■' The 0 atom a ttached  to  the c h lo r in e " 
atoms would a lso  be expected to  be comparatively p o s itiv e  in  character and 
the  Q ** 0  ■* bond may be broken w ith the production o f chloroform amongst 
o ther products*’ T rich lo roace tic  ac id  i s  i t s e l f  e a s i ly  hydrolysable a t  th i s  
po in t and so f a r  as the  2 -octano l e s te r  i s  concerned th is  type o f hydrolysis 
although alm ost absen t in  a lco h o lic  so lu tion  i s  very evident in  the more 
po lar aqueous solution*
In  aqueous To sodium hydroxide hydrolysis i s  rapid: a lth o u ^ i the aqueous 
reac tio n  m ixture gives a p o s itiv e  t e s t  fo r  ch loride  ion probably obtained 
by the  hydro lysis o f chloroform which i s  one o f the products*
With sodium a c e ta te  in  b o ilin g  ethanol o p tic a lly  pure earb ino l i s  
obtained
lf  ! BaOAc j  . .
B -  C -  0 I  G -  CClj ' gtoH ■ ,H -  0 -  OH + EtOOO COl^
I i P I
CH3 IQ  C H 3
This reac tion  a ffo rd s  a d is t in c t  c o n tra s t to  those o f to sy la te s  where
under s im ila r conditions su b s titu tio n  rea c tio n s  occur and i s  s im ila r to  the 
normal es te r - in  t e r  change reac tio n s  o f carbosy lic  e s te rs  and to  the
a lco k o ly s is -o f sulphinates* Thus p h ilip s  ( j* ,  1925, 127, 2 5 6 5 ) has shown 
th a t  o p tic a lly  a c tiv e  menthyl and e th y l su lph inates bothundergo 
alooho lysls reac tio n s with  ethanol in  the  presence of potassium aceta te*
Mo amide i s  obtained on standing  the  oc ty l tr ic h lo ro a c e ta te  w ith 
a lco h o lic  ammonia#
With g la c ia l  a c e tic  ac id  reac tion  occurs slowly a t  1 G0°0* to  y ie ld  the 
corresponding a c e ta te  o f the  same configuration . A graph o f the reaction  i s  
appended overleaf. .
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From the se reac tions i t  i s  c le a r  th a t  2 -o e ty l tr ic h lo ro a c e ta te  shows
no tendency to  re a c t by alkyl-osygen f is s io n  a s  do suipfaonates*
; . fh e  two-stage conversion o f  a lcohol to' e s te r  and back by hydrolysis _
occurs w ithout racem isation and I s  therefo re  a c le a r  in d ica tio n  th a t  a t  no
,.,stage i s  a  f re e  carbonium ion liberated*  ■ f h is  i s  of in te r e s t  bem use
.F rev o st (inn* Ohim*„ 1 9 2 8 , 1 0 , 1 6 o) has shown th a t  although methyl v inyl, i
earb inol o r c ro ty l alcohol re a c t in  the normal fashion w ith a c e tic  ac id  to
give, the  corresponding a c e ta te s , w ith tr ic h lo ro a c e tic  a c id , however, '
, :ir re sp e c tiv e ' o f which, o f the  two a lcoho ls i s  used the reac tio n  "product
..consists o f 55fi methyl v iny l , ca fb in y l- and k3$ c ro ty l- tr ic h io ro a c e ta te s
-. the,sam e.m ixture re s u ltin g  when c ro ty l bromide re a c ts  w ith potassium
-trich lo ro ace ta te#  . Frevost suggests th a t the  r e s u l t  o f e s te r l f ic a t io n  i s
*
^therefo re  due. to '.the e ffe c t of the  f re e  hydrogen ions of the  a c id  which - 
l ib e ra te  the ra d ic a l CS^ CESPEKSHg from the a lco h o ls , the  tr ic h lo ro a c e ta te  ions i  
subsequently rea c tin g  a t  e ith e r  , p o s it iv e  .carbon atom .to" give the  m ixture o f 
esters*  lie found th a t  both  e s te rs  a re  s ta b le  and no t in te r-c o n v e rtib le  on 
heat treatm ent and so presumably ru led  out isomerism a f t e r  e s te r  form ation 
and fu r th e r  showed th a t they were hydrolysed in  normal fash ion  i*e* v ia  
acyl-oxygen.. f is s io n  to  give a. s in g le  alcohol* ■ -.Burton (£♦, 1930,: 248), ■; 
however, has suggested an a lte rn a tiv e  mechanism in  which .the e s te r s  a re  / 
formed i n : the -normal fash ion , isomerism then occurring  v ia  .th ree  carbon 
tautomerism e*g# • .
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and has shown th a t  provided the d ie le c t r ic  constant o f  the reaction  
medium i s  high e*g* in  a c e tic  anhydride, the two e s te r s  a re  'in te r ­
convertib le  on heating  so th a t  the isom erisaiion  occurring during the 
e s te r i f ic a t lo n  reac tio n s i s  due to  the i n i t i a l  high d ie le c tr ic  constant o f 
the media and no t to  the l ib e ra tio n  o f a carbonium, ion* *phe f a c t  th a t  no 
oa rhenium ion  formation m s  observed during the e s te r if ic a t lo n  o f 
octanol - 2  w ith tr ic h lo ro a c e tic  a c id  i s  evidence in  favour o f the 
tautom eric theory o f Burtoru
■ Aim  m m m om 'm s.
in  co n tra s t to  acy c lic  sulphonates a ry l sulphonates a re  comparatively 
un reac tive . Thus perns and lapworth (£* , 1 9 1 2 , 1 0 1 , 2 7 3 ) shewed th a t  
although' phenyl tosy la  te  i s  very in e r t  i t  re a d ily  re a c ts  w ith sodium ; 
ethoxide in  a lcoho l a s  fo llo w s;-
■ • 1 . 1 ■ 
T s 4 - 0 — ph + I t  -  0 -H fa  > TSOIt + Bhctia
t s — o -4 - it  * pho—i - m  ~ ■> jphest * t m m
1 . I.’, '
This mechanism has heen confirmed by p h i l l ip s  ( j . , 1923* 123* 44) 
using  an o p tic a lly  a c tiv e  po iassio  deriva tive  o f bensyl methyl earb ino l in  
p lace  of sodium ethoxide*
S ubstituen ts  in  the phenol a f f e c t  the r e a c t iv i ty  o f  the sulphonate 
e sp ec ia lly  when these a re  e lectronegative  and in  the o rtho  or para position* 
in  the a l ip h a t ic  f ie ld  i t  has been shown th a t  the  ease o f p reparation  o f  a  
sulphonate i s  o ften  a  guide to  i t s  r e a c t iv i ty  and s im ila r r e s u l ts  a re  found 
in  the  arom atic fie ld*  Thus-phenyl to sy la  te  i s  e a s i ly  prepared in  high 
y ie ld s  (perns and I&pworth loo* c l t ») b u t both  o- and p~ n itrophenyl 
to sy la te s  a re  no t q u ite  so re a d ily  obtained (liliman and liadai* Ber*.* 1908, 
4 1 * 18?0)* 2 ,  4 * D initrophenyl tosy la  te  i s  very d i f f i c u l t  to  prepare by the
normal method and p ic ry l to sy la te  has so f a r  no t been iso lated*  a l l  methods 
o f preparation  lead ing  e ith e r  to  the pyridinium s a l t  o r the ch lo ride  
(Ullman and Kadai, loo* c i t * and Boll* £** 1931* '613) thus in d ic a tin g  an
m hj*, mT T
increase  l a  re a c tlv jty . with successive ortho ana, para n ttro  groups.
Thus phenyl to sy la te  i s  in e r t  to  weak aqueous a lk a l i s  y e t  2 ,  4 - d in ii ro -  
phenyl to sy la te  i s  re a d ily  hydrolysed (trllman and Badai. lo c .  c i t . ) .  
Enaction w ith  .a n ilin e  a ffo rd s  a  s in g le , t e s t  o f .the  re a c tiv ity , of a ry l  
sulphonates and i t  i s  c lea r th a t  an o rtho  n i t r e  group has a  marked e ffe c t 
on the reaction# . Thus tosyl& tes o f 2 - n i i r o -  and 2 -r  dinitro-phenoi- . 
re a d ily  y ie ld  the  corresponding nitro-diphenylam ines (tjllman and Hadai* 
loo# c i t . )  although phenyl (perns and lApworth, loc* c it* )  and 4 -n i tro -  
naphthyl (Sen, j .  Indian shorn# goo#. 1943, 23* 383) ■ to sy la te s  a re  ; 
un reactive .
The tendency fo r  ortho n i tre - s u b s ti tu te d  to sy la te s  to  he more re a c tiv e  
than th e ir  para isomers i s  p ecu lia r s ince  ortho su b s titu ted  compounds a re  
often  comparatively i n e r t .  1 1  may be th a t chelation  occurs. Thus the 
S atom o f the sulphonate group i s  p a r t ic u la r ly  e le c tro n -a ttra c tin g  since  i t  
shares a  p a ir  o f i t s  e lectrons w ith each of two 0  &toms as ia  (A)
0
R - O x>5 i  0
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and w il l  therefor© tend to  a t t r a c t  an 0 atom o f  an ortho n i t r e  group to  
form a r in g  (B) which renders the  0 atom o f the 0 - 0  l in k  more a s sa ila b le  
by nueleoph ilic  reagents such as  a n il in e ,  i t  should* however, be  noted 
th a t th is  type of chelation  i s  d if fe re n t  from th a t  o f  the  * ortho e ffe c t” in  
which the p rin c ip a l e f fe c t  i s  one o f resonance consequent upon hydrogen 
bonding.
A fu r th e r  in te re s tin g  i l lu s t r a t io n  of the e ffe c t  o f increased 
re a c t!  vily/conferred by ortho e lectronegative  groups I s  to  be  seen In  the 
ease o f hydrolysis o f  the  2»sulphonate group in  pyrogilXoX tribenzene- 
siilphonate where two ortho sulphonate groups provide the  stim ulus (f/acek 
and Sohopfer, jm er. Qhem. soc. Abs. ,  1957# 3 1  > fh ia ' i s  in-' marked
c o n tra s t to  the  a lip h a t ic  f i e ld  where, as- shown in  sec tion  Y, the- presence . 
o f  an ad jacen t sulphonat© group leads to  g re a tly  - diminished r e a c t iv i ty .
Xhe comparison c f  sulphonates w ith a lip h a t ic  e s te rs  o f o ther strong  
a c id s , described above, i s  maintained in  the arom atic f ie ld  fo r  a r y l  h a lid es 
a re  notably  unr©active unless .substitu ted  by ortho or para electron© gative 
groups.
. Xn the experiments o f the p resen t research, phenyl to sy la te , known to  be 
comparatively i n e r t ,  m s  shown to be  in e r t  to  b o ilin g  eth& nelie potassium 
benzoate or carbonate, to  g la c ia l  a c e tic  a c id  in- the presence o r absence o f 
potassium a c e ta te  and to b o ilin g  d ilu te  a lk a l is  and is.known to  be In e r t  to 
a n il in e  and ©thanolic potassium a c e ta te . ' ho reac tio n  occurred w ith 
potassium a c e ta te  o r benzoate a t  180°G* With a lco h o lic  potash an alm ost
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q u a n tita tiv e  y ie ld  o f phenetole m s  obtained, th is  being s im ila r to  reac tio n  
w ith potassium ethozide, and may proceed in  the  same fashion v ia  o * S !|i
rup tu re  w ith ethoxi.de produced in  the a lcoho lic  potash. J
4 'H&eth02y phenyl iosyl& te, in w h ich  the e le c tro n -re lea s in g  nature of 
the 4*-aXko3qr £x*oup m ig h tb e  expected to  influence re a c tiv ity ^  behaved !
s im ila rly  to  phenyl tosylate*  Thus i t  m s  In e r t  to  b o ilin g  e thano lic  
potassium a c e ta te  and benzoate and sodium carbonate, to g lac iaX u ce tio  acid  i 
in  the  presence o r absence Of potassium a c e ta te , to  a n ilin e  in  the  presence" '1 
o f sodium a c e ta te  and to  potassium benzoate a t  180°C* With e thano lic  
potash 4*-m eth.oxy-phenet0leias obtained*. I t  i s  therefo re  evident th a t  a 
4 f-alkosy  su b s titu en t ex erts  l i t t l e  influence on the re a c t iv i ty  o f phenyl >
wtosylate*. ■ " • / ' I-
With the In troduction  of 2*- or 4*-* e lectronegative  groups phenyl 
to sy la te  beeoaes more reac tiv e  poss ib ly  because o f the  more p o s itiv e  j
charac ter o f the nuclear carbon atom to  which the to sy la te  group i s  I
a ttached  due to  the  follow ing e le c tro n ic  displacem ents
so t h a t ' there  i s  a g rea te r tendency fo r  th is  ■ carbon' atom, to  be a ttacked  by  ' : 
'negative  su b s titu en ts  and fo r  reac tion  to  ensue* ' ■'■}'/"■
■'; Thus w h ils t 4 f-n itropheny l to sy la te  i s  in e r t  to e thano lic  potassium 
a c e ta te  and bensoate and to  g la c ia l  a c e tic  a c id  in ' the presence o r absence 
o f potassium a c e ta te , w ith  a lcoho lic  potash o r  sodium carbonate i t  y ie ld s  
4 -n itrophenol and on heating  w ith potassium a c e ta te  or benaaate a t  1B0°C* 
some 4-uitrophenyl a ce ta te  o r bensoate i s  resp ec tiv e ly  obtained together 
'■with 'o ther un iden tified , products. ■ ho reac tion  occurs w ith a n i l in e :iB::;ike ■ j 
presence or absence o f sodium a c e ta te  and the to sy la te  i s  th ere fo re  
d is tin g u ish ab le  from 2 *~ni trophenyl to sy la te  which i s  known to  re a c t  w ith  !S
a n il in e  contain ing  sodium a c e ta te  to  give 2 *^nitro-diphenylamine (ulls&n and j
Ha d a l, loo* c it» ) an in d ica tio n  o f the  ortho e f fe c t  discussed above.
With, .the in troduction  o f a second n i t r o  group in to  the  2* p o s itio n  o f  j
4  *~nitrophenyl iosyi&te a  much more rea c tiv e  compound i s  obtained* - i t  i s  ' j 
hydrolysed by-aqueous a lk a l is  (n lln^n  and Madai, loo* c l t . ) ,  b u t has now- 
been shown-to'be in e r t  to  e thano lic  po tass ram benzoate and sodium phenate, 
to  g la c ia l  a c e tic  a d d  in  the presence or absence o f  potassium a c e ta te  and 
to  phenol in  chloroform so lu tion  b u t to  be  e a s ily  hydrolysed by e thano lic  
potash or sodium carbonate and hydrolysed w ith d i f f ic u l ty  by e thano lic  
potassium  a c e ta te . With re flu x in g  e thano lic  th io g ly c o llic  ac id  containing 
sodium 'acetate a  q u a n tita tiv e  y ie ld  o f 2 , 4 -d in iirophenyl th io g ly c o llic  
a c id  i s  obtained a s  i t s  sodium sa lt*
■ The enhanced re a c t iv i ty  caused by 2* a n t  4V e lee  trone gs. t i  ve groups 
i s  a lso  shorn by 2*~cafbo3cyphenyl to sy la te  fo r  although i t  i s  inert'', to 
g la c ia l  a c e t ic  ac id  in  the presence o r absence o f potassium a c e ta te  a n t to  
e thano lic  potassium a c e ta te  o r bensoate i t  undergoes hydro lysis by 
a lco h o lic  potash to  give the  corresponding phenol* thus resem bling . -
2*-nitrophenyl ra th e r  than 4 ,*metho2jy-phenyl or phenyl to sy la te  in  i t s  
behaviour*
SULFEQEATSS OF w m m R lQ  AIQ0IIOLS*
Xhese su lp h o n a tes ,' e sp ec ia lly  those of su ^ trs , a re  u su a lly  . :
comparatively, in e r t  often  reac tin g  only w ith hydro ly tic  agents (p ea t, Ann* 
Reports, 1939, 36, 2 5 8 ; j s b e U ,: Ann* peview, Biochem*, 1940,  9,  651 Owen,  : . 
Ann* R eports, 1943,  40* 109}* Thus anhydro deriva tives containing oxide 
rin g s  a re  freq u en tly  formed when sulphonates- o f sugars a re  allowed, to  
re&et w ith  a lk a lin e  : hydro ly tic  agents* : A reaoti.on which re s u l ts  e s se n tia lly  
in  an inversion  and a  dehydration and probably proceeds as 'fo llo w s* -
I- o. - on
ISO * Q m 
I
-  0 * 0 ©
t  SO ~ Q 
I
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the negative charge on the 0 atom promoting the  removal o f TSO* When no 
h y d ro s  group i s  a v a ila b le  fo r  r in g  form ation, however, the  sulphonate 
becomes very r e s is ta n t  to  hydrolysis wliioh, i f  achieved, i s  n o t accompanied 
by inversion  (p e a t, loo* c i t , ) *  fhms although 2*tosyl y3~ methyl glucoside 
(X) rea d iiy  re a c ts  to give an anhydro-ring by the inversion  mechanism 
ou tlined  above (^ w o r th . H irs t  and pannisGn, £ . ,  1934, 154)#
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2-tosyX trim ethy l- ft -methyl gluoopjranoside (II) undergoes ammono ly s is  with 
g rea t d i f f ic u l ty  although even in  th is  c a s e t h e C  ~ 0 "bond i s  broken bespit© 
the non-GeGurrence of inversion (i^ tX er and Peat* J*, 1939* 782)
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and ishereas 3*“i©syX diacetone glucose ( i l l )  i s  not hydrolysed hy
(Me)c OCH
OT\S (I )
concentrated a looho lie  sodium hydroxide o r liq u id  ammonia (Freudenberg and 
Iveys, Ber»* 1922, 929)* 2«benzoyl-3-tosyl-41 6-benzylidene- cUmethyl
glucoside (17) i s  re a d ily  hydrolysed by a lk a lie s  (Robertson and G r i f f i th ,  £* , 
j, 1 1 9 3 )# ihen hydro lysis of su ^ tr
eulphonates i s  d i f f i c u l t  e.g* with 4 -to sy l-6 ~ tr ity l~ 2 , J-dimethyl-vci-methyl 
glueoside (?) which yields, the corresponding 6 ~ trity l~ 2 , 3~dim@thyl- & ~ 
methyl glucoside m  trea tise s t w ith sodium in  methanol and benzene
TS O
0 f'le.
(s) OMa
Oh
i t  has been suggested th a t  the S -  0 bond i s  ©leaved a s  in  the case o f 
phenyl to sy la te  (W instein, G-runwald and Ingraham, J» Amer» Chem, Sooa« 1943, 
25, 821) o*f* paragraph 1, page 34* Sim ilar r e s u l ts  a re  obtained w ith 
polyhydrio a llc y o lio  eulphonates fo r  whereas mono-p-toluene ©r methane 
sulphonates of tra u s -  qycloheaane-l, 2 -d io ls  r e a c t  rea d ily  w ith a lk a lie s  
to  give oyclohexene oxide corresponding ©is compounds give eyoloheaanone 
w ith  d i f f ic u l ty  (Olarke and Gwen, £» , 1949* 315)*
Su^-r disulphonates a re  very in e r t  in  normal su b s titu tio n  reactions*  
Thus 2, 3~monoaeetone~1, 6 -d ito sy l-d -fru c to  furanose (?X) with sodium 
iodide in  aeetone undergoes replacement o f th e
Oh
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I  CH
HOh
t
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52 -
lo-QSm a t  100%* m lg  tmti&v ggo&wasQ ft»3 i&o 
C?wp i@ m* %f fft&tat m  at 12*Rj* mill
'p sa^ tm t € » ^ iM j®3® b&s Iteu soitafti to  a  (lillle f &$&
Eoiahftteia* t%tv* ***•«•* acta** 1S33. ?1* 102J1* .B m i m r Mm a fter  
^ralgfsea tjf f tm g  ta o s  eap fd a l^  i f  t**e a »
in Ho tens pfcs&t&aa s^iiiro to cmariotte aat &I&$$3»
j2S22» 1S04# JJ|* ffift)*;, #a» m m m  h j ^ ^ m  c t 2, >aito«BfM* ; . 
4*£b»)tbi^  (ill) foftult# ift.ft 65, yicM of nit atifii ,^/;
all©ai0c£ (YttX) fta& 2^ of .ft: tgftaa«£i JWifcyX-ioEy allure (n ) Cio . 
msv&t® tx&ag os^ lftteil ob i, # ftssaag?tlcm ttmt (fill) if etrtatsea Ij ■ 
a £$3*0 fossa tl&i a fte r txy fe l^ la  isi.fi iftrofsioo a t  la# |
( I S )  t f \  i^ b ro S ^ ift tAfci InWfiOB a t  tx>iS* 5 fti$  5 <m!tm fttops to  gbio ft.
to s s p o t o f t # 3-»«^^iovitefttiffla (ro ite ana rc^Kvtsoo* ■
Me o
ch OMeZ
Ov H
1N.K0H
in e^ k«iiol 
OMe rt«-0
C™)
C H . O M e
h -
H
H
1—
OH
<w
dM«t
CH 0 Me
+
(™J
By analogy w ith a  m echanic advanced by W lnstein and Lucas ( jy  Amzr,
Soc*, 19399 §1$ 1577) to  account fo r  eposdde formation on hydrolysis of 
1 ,. 2-haiehydrins
I ■ I '
E ~ C * OH ■’ +0H~ y  : 0~ X“ H .- OV
X ~ C -  E ■ . “H90 X -  0 II -  0 'r - * i i
fo s te r  and Hamnett {ib id , „ 1946# 68« -1736) have suggested : th a t a lk a lin e  
■hydrolysis-, o f  sugar .d ito sy la tea  proceedsi*
I I -.-I
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fhis-meehanism would appear to  be doubtful, however, because the in term ediate 
(X )-in ;; th io h  the hydvesgrrand sulphonat® groups, a re  i n ' - the e ls  -position w ith ; 
respect, t o each o ther should be in e r t  e*f« paragraph- 1,-'page'3®« More ' : I
probable would appear to  be a n . i n i t i a l  hydrolysis with 0 * S'bond f is s io n  
e*f. paragraph 1, page 31, (Winstein, Grunmld and Ingraham, loo» e lt* ) ,
(such  f is s io n  being a s s is te d  by-strong a lk a lie s )  and a f in a l  reac tion  .
' corresponding' to th a t o f (A) g iv ing  an overall reac tio n  which' m j  be ' 
represented" s s  follows?-
» i ■ •
' E ~ G ** OfS H -■ 0 .•. OTS- " - II * 0 K
.  I M '- | >  . ,
USO-C H ' "0“ -0  -  H ' ' " H -  C
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■; ■= vG enerally . sulphoiiates derived from secondary a lcoho ls a re . le s s  
re a c tiv e  than those .from primary.-. a lcoho ls an' in te re s tin g  i l lu s t r a t io n  . 
being the hydrolysis o f 5$ 6~diiosyl~1, 2-mono-acetone -gLucofuranose (U )  
(Ohle and f h ie l ,  B er,fl 1 9 3 3 , 66, 5%5) 'in which although t  he to sy l groups 
a re  f re e  .to rotate-because they a re  not d ire c tly  attached; to  th e  : r in g , 
the  anhydro: derivative- (XIII) i s  obtained - o n ly with,.-great d if f ic u l ty  
•probably Via the  in term ediate ( H I )  :
( s )  CQi) ( a n )
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fhen a  hydroacyi group i s  su b s titu ted ' fo r  the 3 -to sy l group, however, the , 
re s u lta n t  6 - to s y l- l ,  2-mono-acetone glucofuranose ( i t? )  I s e a s ily  
hydrolysed to  a  1, 2-anhydro-oompound ( i f ) .
CH
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(J03) ( H )
in  the  a l ie y c l ic  f i e ld  i t  has "been shown th a t the tra n s -d ito sy la te  • • 
o f eyelohegane-l9 2 -d io l I s  no t very re a c tiv e  to  ac id s  o r a lk a lie s  
(Criegee and gtanger, 'Bar## 1936* 6 9 ,  2755) th ere  being no mention o f the  
formation of 1, 2-epoay-cyclo~hemne» - ; Both c is  and tran s  d ito sy la te s  o f 
cyclohexane-1, V-dioX (X fl) m  treatm ent w ith a lco h o lic  a lk a lie s  or 
alkozides y ie ld  a mixture o f the  o le fin e s  eyelohe x a -t9 3 - (D ill)  a ^d 1, 
A^-diene ( W i l l )  no evidence o f  the form ation o f 1 , 4-epo^y-cyclohexane 
(XIX) being obtained# fhe t ra n s -d ito sy la te  o f  cyclohexane-1, 4 -d io l (X fl) 
tre a te d  w ith
potassium a c e ta te  in  ethanol a lso  y ie ld s  cyclohexenes although sm all 
.< q u a n titie s  o f the- tran s  d iace ta te  (xx) and the a c e ta te  ( i n )  o f cyelohe%en~ 
4~ol a re  obtained as  w ell (Qwen and Eohins, £*, 1949* 320} • fh e  tran s 
d i to sy la te  o f 4»hydro3y~me thylcyclohessanol. ( m i )  w ith me thanolic  potassium 
hydroxide y ie ld s  4«methoxy-methyIcyclohexene { H il l}  again: . i l lu s t r a t in g  the 
d iffe rence  in  r e a c t iv i ty  between primary and secondary sulphonaies j 
nevertheless w ith sodium iodide in  lo l l in g  acetone the h is  iod ide  (XXXV) i s  
obtained from both  e ls  and tran s  d ito sy la te s  o f ^hydroxy-methylcyclohem nol 
(0wen a&d Babins* J * , 1949* 326)*
The re s is ta n c e  to hydrolysis o f %  ^ -e lite s jl-1 ,  2-mono-acetone 
glucofuranose (x i)  may "be due to  the a&Jaoent position  of the  to sy l groups
a s  iseXi a s  to  the d ifferences in  r e a c t iv i t ie s  o f primary and secondary ■ 
sulphonates (oh le  and T h ie l, loo* Git*)# Thus i t  has been e stab lish ed  
(p o s te r  and Hammett, j*  Amer* phem# goo* , 1946, 68, 1736) th a t  the  r a te s  
o f hydrolysis ©f both meso and racendo butylene g lyco l 2 , 3 -d iio sy la te s  
(EOT) in  aqueous diom ne a re  fo r  the second order nucleophilio  reac tio n  
e igh ty  times a s  slow and fo r  the f i r s t  o rder so lv o ly tic  th ree  hundred 
times a s  slow a s  th a t  o f e thy l to sy la te  and although the products of 
hydrolysis a re  n o t id e n tif ie d  i t  .is  sta ted  th a t the  2, 3-opo3d.de (x x fl)  i s 
probably formed. Hydrolysis o f  the  d ito sy la te  o f ethylene glycol w ith  the 
same reagent '
< gave c o n flic tin g  r e s u l ts  owing to  side  reac tio n s  which led  to  th e
production o f  aldehydes (p o ste r and Hammett, loo* e i t . )  and i s  o f in te r e s t  
in  view of sim ila r r e s u l ts  obtained in  the p resen t research  when th is  
d i to sy la te  was hydrolysed with a lcoho lic  a lk a l i ,  j&so win s te in , grummld
H -  0 -  OfB ■ II -  Cx
I o i x m )(wr)
H *“ 0 OTB
lie
and xngraham, (loo# c l t .)  have shown th a t the reaction  ra te s  o f both  c is
** - *53. «*
and t m m  di-p-broaobenzenesulphonates o f cyelohexane-1, 2~diol in  f i r s t
-6  - ■order ace toX jsis w ith g la c ia l  a c e tic  acid  a re  about 7*0 x 10 o f  those-, 
o f the corresponding a c e to ly s i s o f  the m onosubstituted derivative* 
f h is  in e rtn ess  i s  a t t r ib u te d  to ihe powerful e le c tro n -a ttra c tin g  e ffe c t  
o f the benzene-Eulphonoxy group and the closeness o f  the ra te s  o f reaction  
..-of the  c is  and tran s  isomers Is- taken to  p o in t to  a  - carbonium io n r a th e r  
,,than a ring -in term ed ia te  reaction:'mechanism*., - ■
. ;,:-,«phe d ito sy la te  o f a - d i e th y l d a r t e t e  (X M Il) proved to  he in e r t;  to  ■ 
g la c ia l  a c e tic  acid, (the..-.rotation .of a ’ solution, o f  d ito sy la te  in  th is  .
" solvent was unchanged a f t e r  heating  .for- several .hours)' and i f  rea c tiv e  a t  
a l l .  to n e u tra l re a c ta n ts  e*g* lith ium  ''chloride, sodium bromide and ' ■ 
potassium iod ide , X n b o ilin g  e thanol, the  reaction  was slow fo r  h i #  y ie ld s  
o f unreacted d ito sy la te  were always recovered* fhese  re s u l ts  a re  in  
marked co n tra s t w ith  the  f a c i le  reac tio n s o f sec-mono-tosylates*
The d ito sy la te  re a c ts  w ith sodium iod ide in  acetone so lu tion  even a t  
. room temperature and i s  thus- an, exception to the oldh&m~Hatherfor& ru le  
( oldham and R utherford, j»  Arne?* Qkem* goc», 1932, 54, 366) c.f*  paragraph 
2, page 31* Eeaction i s ,  however,. slow cornered w ith that o f the primary 
d i to sy la te  o f  ethylene glycol which fip so n , p lap p an d  p re tch er ( j* prg* 
Chem*,1 9 4 7 , 12, .133) have shown proceeds to  7M  o f theory a f te r  2 4  hours 
a s  ag a in s t 20ft' I n  ■ the -present case* ■ Reaction of d -d ie th y l t a r t r a te  
d i to sy la te  w ith sodium iod ide  in  l o l l in g  acetone i s  considerably f a s te r  
than a t  room temperature and io d in e - is  l ib e ra te d * ■ ■
-  59 -
in  .contrast' w ith thes© re s u l ts  reac tion  of the. d ito sy la te  w ith liases . 
proved speedy* ■ fhus a n il in e  re a c ts  on warming fo r  a  sh o rt time to  give 
racemised d ian ilid o d i e thy l-suceina t  e ( XXVIII) and i l l u s t r a t e s  the 
extensive m cem isation usual in  such reac tio n s  a s  those discussed above 
(Kenyon, p h i l l ip s  and p ittm an, j . j  1935, 10?2) ,c#f*. paragraph 2, page 2 4 »
Here racem isation may he due to  the in fluence  o f the  carhethoxy groups o r 
more possib ly  to  the  reaction  proceeding a f t e r  an i n i t i a l  su b s titu tio n  
rea c tio n , via a c y c lic  in term ediate  (HYIX) (W instein and Grunmld, j»  ,Amer» 
Chem> soc«, 1948, 70, 828) lead ing  on opening o f  the r in g  to  inactive 'products' 
( 'f in s te in 'a n d  pucas, loo» c i t »)
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fo wards dimethyl a n il in e  the d i to sy la te  proves i n e r t ,  although the  ■ 
p o s s ib i l i ty  o f quat* amaonluia s a l t  formation cannot be ru led  ou t, fo r  on 
pouring the  reaction  m ixture in to  hydrochloric ac id  the d ito sy la te  i s  
recovered unehangecU This should be c o n te s te d  w ith rea c tio n s  o f the same 
reagent with the corresponding d i-ch lo ro - and di-bromo- succinates where 
dehydrohalogenation occurs and a m onohalo-substituted fumsric a d d
— SO
derivative i» obtained (tarzens and sejourne, comnt. Rend. ,  1911- 12 , 154 , 
1S15). ;■ ;
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V/ith alcoholic potash reaction i s  rapid, the main product ’being 
cis~1, 2~&i carboxy~epoxy--e thane (3QQC) c ,f .  the butylene glycol ditosylate 
experiments discussed above (poster and iiammett*. loo*. c i t#}, a sm all: .
** . -  \  • mini IHHHH". _ 'IEIIW *  -
quantity of (±) potassium ta r tra te  also being formed* This means tha t the 
di tosylate of d-dlethyl ta r tra te  behaves in  a similar fashion to the 
ditosyl&tes of su^trs in  as much as hydrolysis has been accompanied by an 
inversion a t one of the asymmetric carbon atoms and anhydro formation has 
occurred* a Reaction mechanism cannot defin ite ly  be assigned to th is 
hydrolysis but: i t  may be sim ilar to the mechanism suggested above fo r the : 
hydrolysis o f  sugar diiosylates in which there i s  an in i t ia l  hydrolysis 
via g * o fission  with .subsequent anhydro fo ra tio n  accompanied by 
inversion'as followst-; ' '
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A lte rn a tiv e ly  the eis«epG2^r-*etiiane (XKX) 'VAT 'he' obtained v ia  m  ■ 
I n i t i a l  hydro lysis by 0 -  o f is s io n  with the usual inversion accompanying 
such, f is s io n  to  y ie ld  the  in term ediate  (3QDCI) from which a molecule o f 
sulphonic a old i s  elim inated to  give the  anhydro compound (xxx)
COOK
cook
(XKXT)  (2 2 2 .)
fh is  mechanism would seem doubtful,: however^'because o f the im probability  
o f the elim ination o f the sulphonio a d d  molecule from the e ls  s u l f o n a te  
and hydrosy g roups'o f (XXXX) c . f ,  paragraph 1, page 50# More probable, ' 
would appear the  production o f the trans«eposy-ethane ( m i l )  by the 
elim ination  o f sulphonic ac id  w ith inversion  from the in term ediate  (XEKm)
MW 6 2
in  which the sulphonate and h y d ro s  groups a re  in  the t e n s  p o sitio n  
r e la tiv e  to  each ©thet1 and which i s  rea d ily  obtained from ( m i )  because 
.of. the  f re e  ro ta tio n  of the asymmetric carbon atoms about the a z is  jo in in g  
them* .
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fhe oation lo  binding o f the  cen tre  by an oL^carbosylat© ton  
discussed in  paragraph 2, page 2? a lso  a ffo rd s  a  possib le  mechanism f o r  
th is  hydro lysis, pore the f i r s t  step  i s  a  hydrolysis by c  -  0 f is s io n  
w ithout inversion  to  give in term ediate  ( m i l l ) . which then forms th e  
anhydro compound (MX) w ith inversion  a s  be fo re .
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fhe  ( !)  potassium ta r tra te  is  probably formed via an epoxy-ethane 
intermediate ©r via the ethoxi.de cataly tic racemisation discussed above* •■.
-aurewMPr
I t  should be noted tha t hydrolysis with inversion a t  both asymmetric 
carbon, atoms would lead to potassium 1 - tartrate*  ih e  eis-epoxy-ethane was
■ 4MSK **'
no doubt contaminated with the tran s  ’ isomer bu t m elting po in t evidence 
■suggest® the main product to  be the  e ls  isomer* i t  i s  o f in te r e s t  th a t  the 
; oC-tosylate o f g lycerol y ie ld s  2, 3-cposy**propanol on treatm ent with 
sodium methoxide (pis©her and: Snowden* j*  Amor* qhem* soo* » 1942, 6kf 1 2 9 1 }.
Hydrolysis of th ed ito sy la te  with ti l*  aqueous caustic soda rapidly 
^Lve (+) sodium ta r tra te  probably via an epoxy-ethane intermediate*
Heating a solution of the ditosylate and potassium acetate in ethanol 
under reflux yielded high boiling optically  inactive compounds (probably due 
to olefin© formation followed by polymerisation)* (*) ta rta ric  acid and 
ethyl: acetate*vA*£he striking' re su lt i s  tha t the esroected diacetate is  not 
obtained nor is  the dibensoate obtained on sim ilar treatment with potassium 
bensoate the main product being bensole add# A mixture of the di tosylate 
and sodium bensoate turned purple and fin a lly  black on heatxng a t  180pQthe 
only product iso la ted  being bensoio acid*
Although the di tosylate is  in e r t to hot g lacial ace tic  acid reaction 
occurs .when potassium acetate i s  added* Again the product i s  not the 
expected' diacetate but a very high boiling  optically  inaotive viscous o il 
probably a p o ld e r obtained via  o lefins formation. A minimum molar proportion
— 64* *■
of potassium a c e ta te  appears to be required  fo r  the  re a c tio n  to ' go ' to  
completion. fbaa .with about t /S th  o f  a  inol o f  a c e ta te  in  'g la c ia l  a c e tic  
ac id  a t  1QQ°c the so lu tion  loses' about 60f o f i t s ’o p tic a l a c t iv i ty 'a f t e r  
20 hours the remainder be ing  lost;when' a' fu rth e r 1 /t5 th  o f  & mol o f ■" 
a c e ta te  i s  added and heating  i s  continued* fhe  reac tion  does 'n o t 'ta k e  
p lace  a t  room tem peratures b u t is. rap id  a t  100°Q as shown in  the  follow ing 
graph*—(see over lea£)
—  SB .—

When. the d iace ta te  of & -diethyl' t a r t r a t e  (an e s te r  of a wealeaeid) i s  ■ ;• |*. 
used in  the  above e^e rim en t instead-" o f the d i to sy la te  no reaction  occurs# '^ is
' • ■■... ' t \ jr.
f i t h  sulphuric acid  (about 0*7 bio1s) ,  in stead  o f potassium a c e ta te , the  ; : !':
d lac e ta te  i s  racemised in  a few hours a t  100°G* fhese  resu lts- a re  s im ila r ‘ 
to  these o f jaekman who In  unpublished work ha s .shown th a t  the  a c e ta te  o f j  -  |jjj 
oetanol-2 i s  raeemised in  acetic , ac id  so lu tion  w ith  sulphuric o r p-toluem© R!; 
sulphonic acdds and th a t a minimum, quan tity  '©f .acid  circa ,1/tGth of a  mol -[;! 
,.is required  fo r  complete races! s & t i o n * | j  
;vv.; heating-a so lu tion  o f the d itoey la te . and .potassium, ihdocyanate in  jj’j 
ethanol under; re f lu x  m  'o p tica lly  in a c tiv e  hi^h b o ilin g  liq u id  contain ing  . 1;! 
[sulphur and n itrogen  » s  obtained which decomposed on attem pted vacuum 
’d i s i tu a t io n  and could h o t he p u r i f i e d * , . *. . , [;
. /-..fhe production o f  polymers, via d e f in e s  in  mx&. o f  the  abcve reactions- 1|
would appear to be in  accordance w ith re s u l ts  obtained by the a lia  l in e  
hydrolysis o f 1 -earbe tho:xy-2-tosyX«-ethane when e thy l a c ry la te  was re a d ily  1 
obtained, (clemo and Walton, £•# 1928, :?23). With the d i to sy la te , however, i t  
i s  n o t apparent th a t the d e f i n e ,  o r p o ssib ly  acetylene* formed, in  a  s im ila r j '; 
fashion i s  v o la t i le  a t .  the tem perature o f reaction  so th a t  polymer production 
i s  possible* fhese  combined re s u l ts  a ffo rd  a marked c o n tr a s t , . however, to  
those obtained, in  sim ilar' reac tions w ith ' oo-cafbory mono. to sy la te s  such as  . |
d -e thy l la c ty l  to sy la te  (EenyoiV phil-lips'. .and. $ u rley , d** 1925* 127, 2 5 6 5 ) ,  J 
where su b s titu tio n  occurs in  the  normal fashion and o le fin e  formation I s  | 
' no t  evident and w ith those now obtained w ith 'th e ' d i to sy la te . o f ethylene . . |i!
glycol where no c&rbethosy groups a re  p resen t and which i s  moreover a 
.prim ary and no t a  secondary tosylate*  . ~
^ h e a t i n g  a so lu tion  o f the d i to sy la te  o f ethylene glycol in  ethanol \ j|j||
under; re f lu x  w ith potassium benzoate o r thiocy&nate the  corresponding s
jaibehhoate and d ith iocyanate were resp ec tiv e ly  obtained the  f i r s t  reac tio n  jj, 
feeing slow and the second rapid* v jjo reaction  took p lace w ith potassium  ' |jj
iod ide , sodium bromide or lith ium  ch lo ride  in  a lcoho lic  so lu tion  although 
pitmen, clapp and c re tch e r ( loc* c it» ) have shown th a t  reac tion  w ith .
. sodium io d id i i s  f a i r ly  rap id  in  acetone* - E a t in g  with potassium benzoate 
h i  180°0* produced a good y ie ld  o f dibenzoate* reaction  occurred w ith  ' |
g la c ia l  a c e tic  ac id  b u t did occur when-potassium, a c e ta te  was added, a  good 
y ie ld  of d iacetat© 'being  obtained* Although ro d ire c t evidence a s  to  the 
meehanism i s  a v a ilab le  i t  may be th a t  the reaction  proceeds f i r s t  v ia  a 
cafbonium ion mechanism in which a to sy l group, i s  su b s titu ted  by an aeetoxy ; 
group to  give 1 -a  ceto3y«2«tosy 1-ethane and then by the rin g  in term ediate  o f  1 
: f in  s te in  a s  in  the a c e ty la i io n o f  a cetosy-to  syl-butane s (win s te in  and 
Buckles, j*  Amer* pheia* S'ocy, 1$ 42 ,  6 4 , 2797)
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S u b stitu tin g  potassium, benzoate for a c e ta te  again led  to...the 
' production o f the  dia e s ta te  and a lso  f re e  "benzoic acid# .
Ho reac tio n  occurs w ith phenol in  the non-polar so lven t , chloroform*
A rap id  reac tio n  occurs w ith a lco h o lic  potash .to g ive a mixture which 
heavily  colours Schuff*s reagent and the  yellow' colour of. which i s  ..an' 
In d ica tio n  o f the presence o f polymerised aldehydes. ; This i s  s im ila r to 
r e s u l ts  obtained "by F oster and Bammett ( loc# e i t #) on hydrolysis o f th is  
compound in  aqueous a lk a lin e  diosane. A small quantity* about' o f  
acety lene m s  a lso  obtained* Aldehyde and acety lene 'p roduction  a re  w ell 
known in  s im ila r reac tio n s w ith  1, 2*dihaloe thanes. h u t acety lene may’a lso  "be 
obtained thermally'' fo r  Fold! (3er» , 1 9 2 7 , 6 0 , 6 5 6 ) has shown' th a t  i t  i s  ; 
found amongst: the  '"'thermal, decomposition products' .of ethylene glycol 
dibenzene sulphonate*
Reaction o f the d i to sy la te  of ethylene glycol w ith  aqueous a lk a l i s  i s  
e ith e r  very slow o r non-existent and i s  in  marked 'contrast to  s im ila r 
;‘reactions, with; the .to sy late  o f d-diethyl ta r t r a te * ' ' A part'from' chemical 
d ifferences In  th e  natu re  o f  the group a ttached  'to  -OTS* however*'- the  • 
difference. In  r e a c t iv i t ie s  may-be physical* Thus the d i to sy la te  o f ethylene 
glyool f lo a ts  a s  a .pasty mass on top  o f  the  hot aqueous a lk a l i ,  whereas the  
di to sy la te . o f d~diethyl t a r t r a t e  m elts and forms an aqueous d ispersion  w ith 
the hot a lk a l i  so lu tio n . '" Also the  carbeihoay .groups' of. the d i to sy la te  o f 
d -d ie th y l t a r t r a t e  would tend to increase  i t s  s o lu b ili ty  in  m ter  a s  compared 
w ith  th a t  of the  d i to sy la te  o f 'e th y len e  glycol and.hence possibly in crease  
i t s  speed of hydrolysis*
m SB — ,
Reaction i s  rapid with a n ilin e  to  give 1, 2-diphenylamido-ethane and 
w ith monoethyl an ilin e  to give 1, 2-di^-ethyl~phenylamido-etbane* No 
reaction occurs with dim ethyl-aniline.
The re s u lts  obtained in  the experiments with both these d itosy la tea  
eonfim  the generalisations th a t sulphonates o f secondary alcohols a re  le s s  
reactive  than those of primary alcohols and tha t d ito sy la tes a re  le s s  
reactive  than mono to syla te s . The anomalous behaviour of the d i to sy la te  of 
d-d iethyl ta r t r a te  i s  almost ce rta in ly  due to the influence of the two 
carbethoxy groups which lead to an enhanced re a c tiv ity  and to d e f in e  
formation* Both of these to sy la tes a re , however, more reactive  than 
corresponding sugar derivatives so th a t i t  would seem possible th a t the 
comparative inertness of the l a t t e r  compounds i s  due to th e ir  r in g  struc tu re  
ra th e r than to the presence of the tosy l groups themselves* That s te r ic  
considerations a re  a t  times important has recen tly  been i l lu s tr a te d  by 
Wiggins and Wood (£*, 1951 * 1180) who have shown th a t the re a c tiv ity  of 
disulphonates in  a se rie s  o f epimeric dianhydrides D mannitol (XDOT),
D so rb ito l (XOT) and £ id i to l  (SQCVX) i s  re la ted  to s te r ic  fac to rs . Thus 
on reaction  with sodium iodide in  acetone both R groups are  replaced in  the 
P mannitol derivative , only one R group ( th a t  a t  the Cp atom) in  the 
D so rb ito l derivative and neither E group in the L id i to l  derivative*
In  the following formulae E represents a TSG or MSO group
-  69 -
(XOT)
s e c t io n *
A ll m*p*s. a re  uncorrected.
P repara tion  o f  the  d lto sy la te  of d -d ie thy l ta r tra te *  ■
d-D iethyl t a r t r a t e  was made from ”-Analart! t a r t a r i c  ac id  by the'methods 
o f F ischer and Speyer (Bar. , 1895? 28?' 3255)' and Ansehuts and P ic te t  .. 
(B e r., 1880? 2 2 ,  1175) i n both of which hydrochloric a c id  i s  used a s  
c a ta ly s t  and by  the n o n -ca ta ly tic  method o f Kenyon ( Pr&. Synth*? 1941?
Coll* 2€1)* The ro ta tio n s  o f the ta r t r a te s  obtained by the f i r s t
two methods were s l ig h tly  lower than th a t  o f the  th ird? the values fo r
20° , 
c* . “being re sp ec tiv e ly  * 18*40**, *-13*54® and * 13*$6°? 2 ) |
2QO
d 1*2060?.1*2058? 1*2062.
As Ind ica ted  in  Seetion 1 many experiments were made to  find  the  most . 
su ita b le  conditions fo r  b ring ing  about the In te ra c tio n  o f  ^ -d ie th y l t a r t r a t e  
w ith to sy l ch lo ride  and the procedure given below i s  th e  one which gave the 
h ighest y ield* I t  should be noted th a t  the use o f small q u a n titie s  o f 
rea c ta n ts  i s  adv isab le  bem use when the  experiment i s  repeated on a la rg e r 
sca le  the  y ie ld  o f d ito sy la te  decreases.
hVja-Mettayl t a r t r a t e  c^20° + I8*40°, ( l?  2) (3*0g.) m s  disso lved  in
>. '■ P ■ '
fre sh ly  d i s t i l l e d  dry pyrid ine ( 5 ® e*e.) contained in  a f la s k  f i t t e d  w ith  
a stopper and a'' thermometer* ■ The f la sk  was placed in  an i c e - s a l t  b a th  ,
together w ith another stoppered f la sk  containing f in e ly  powdered 
r e c ry s ta l l is e d  dry to sy l ch lo ride  (5*2g.) which, a f t e r  cooling, was added
so lu tion  d id  no t exceed +5° the  f la sk  contain ing-the reac tio n  m ixture being 
gen tly  shaken* The to sy l ch lo ride  dissolved to  give a c le a r  so lu tio n
which was gently  shaken from time to  time* . A fter about 1 5 minutes 
c ry s ta ls  began to  appear and 3 minutes l a t e r  the reaction  m ixture m s  
poured in to  ice -co ld  very d i lu te  su lphuric  ac id  and the whole ex tracted  
th ree  . .times , w ith ether* . The e th e rea l la y e r  was washed twice w ith w ater, 
d ried  and the  so lvent evaporated* The o ily  d ito sy la te  m s  obtained 
c ry s ta l l in e  by so lu tion  in  ethanol containing charcoal using  a seed from a 
previous experiment* The d ito sy la te  forms f in e  p la te s  m*p* 77-80, 0*237g.
( i s  3h 5*00 in  pyrid ine  solution)*
18° .Evaporation o f the  mother liq u o r l e f t  a  very viscous o i l  £  cL/j[) * 
( l ,  1; s> 5*00 in  pyrid ine  solution) containing both sulphur and ch lorine
re su lte d  in  complete decomposition% sulphur dioxide and hydrogen ch lo ride  
being evolved# A sim ila r o i l  m s  always obtained in  ..varying q u a n titie s  
during th is  p reparation  and w h ils t i t s  Id en tity : is/unknown i t  may eo n sis t 
mainly of 1 -ch lo ro -2 -to sy l-1 , 2-diGarbo-ethoxy-etone which has a ch lorine
to  the pyrid ine  so lu tion  a t  such a r a te  t o t  the tem perature of. th a t
required  19*95 c*c. ^yifaOH (c a lc . 20*0 c*c.)* (Found S, 12*7 $22 ^10
Sg req u ires  Sf 12*5$)* Weight o f p u rif ie d  d ito sy la te  1*7go* y ie ld  22$*
2qC
h5° ( l j  1 > c^ 6*67 in  a c e tic  a c id  so lu tion) 4- 31*1°
(8*Q%) which could not be c ry s ta llise d *  Attempted d i s t i l l a t io n  of th is  o i l
content o f  and could he derived by r u c t io n  o f the  d ito sy la te  with 
p y rid ine  hydroohloride by the  reac tion  discussed in  cormeotion w ith X-etbyl 
la o ty l  to sy la te  on page 5 , the diminution in  ro tatoxy  power being due to  
the inversion  a t  the carbon atom f in a l ly  .carrying the chlorine  atom:-
HO -  CSS OOOSt ■ ' . fSQ: ** m  COOBt . ly.HOl 01 OH COOSt
| * 2IsC l  » |  » \  (A)
b o.* . ch  c o o it  ts o  ,*■; m o o o it  ■ < o ,:*.ch o t s  > ■
However, since the d ito sy la te  would'.he expected to be even le s s  re a c tiv e  
than the ch lo ro -to sy la te  the  l a t t e r  I f  formed should re a c t fu r th e r  to  give 
the d ieh lo ro -succinate : **
. 01 * :CB COOBt . ftrJSCX 01 * CSX COOBt
i — — > i
EtOOC -  .CH CCS Cl -  m coost
b u t no d ich lo ro -suecinate  m s  found amongst the  reac tio n  products,
Another p o s s ib i l i ty  i s  th a t the monotosyla te  o f & -diethyl t a r t r a t e  i s  
i n i t i a l l y  formed and re a c ts  in  s i tu  w ith pyrid ine hydrochloride to  give the 
ch lo ro -to sy la te  again w ith inversion  and consequent diminution o f ro ta to ry  
power:**... ' . ' ■ :
BD m  COOBt ■ HO -  CH COOHt. i Py.IICl ETGGO -  01 C l ;
| ♦  T s C l— i \ * /  (B )
ho esi c o o it  ®30 — ca o x m  tso  -  ai cocEt
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From equation (A) i t  would "be expected th a t  in  the p reparation  o f the 
d ito sy la te  the-y ield  o f  o i l  would increase  during the  time th a t  th a t  of 
d ito sy la te  d ec rease s 's in ce ' the- l a t t e r  I s  "being concerted in to  o il*  ' Ihe 
follow ing fig u res  fo r  q u a n titie s  o f o i l  ( 2) 3. 12g .,  ( 3) 2*80g*, (4) 2»Silg .j  
ana ( 5) 2*622. obtained in  the experiments ( 2) -  ( 5) on page 11 therefore
suggest th a t reac tio n  does not occur in  th is  fashion* I t  w ill he noted th a t
the decrease in  y ie ld  o f o i l  i s  not so g re a t as t o t  o f d ito sy la te  between 
comparable experiments*
^Attempts w ere 'a lso  made to  prepare the ' d ito sy la te  by  o ther methods ' . 
bu t in  view o f the f a i lu re  to  obtain  any p o s itiv e  re s u lts  i t  i s  considered 
th a t  they a re  adequately described in  Section I*
Reactions of d ito sy la te  of d -d ie th v l ta r tra te *  ’ :
( a ) w ith sodium, iodide in  acetone solution*T r  <w«ULdfciudiin«Fn*immmm m m i       .a nn a wiii'nmnin^/ ' iiiM mniiiffn » W " W
A so lu tion  of dry sodium iod ide ( 0*5g*) and d ito sy la te  ( 0*44go, h a lf  
th e o re tic a l requirement) in  anhydrous acetone (5  e.c*) deposited an . 
appreciab le  quan tity  of sodium toluenesulphonate a f t e r  2 hours a t  room 
temperature* A fter 24 hours the  so lu tion  was f i l t e r e d  through a s in te red  
g lass  c ruc ib le  and 0*052g. (2 d a o f th eo re tic a l)  o f sodium jytoluenesulphonate 
collected* The yellow f i l t r a t e  was d ilu ted  w ith water and t i t r a t e d  ag a in st 
J q  sodium th iosu lphate  so lu tion  req u irin g  3*0 o*o* equivalent to  0 *033g. of 
iodine* The iod ine i s  probably obtained from the iod ide  during the
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production o f o le fin es  frora th© d ito sy la te .
A so lu tion  of dry sodium iod ide  (2*0g.) and d ito sy la te  (l*5g*) in  
acetone' (20 c.e*) m s  heated under re f lu x  fo r  7 hours, cooled,; f i l t e r e d  ' 
and the, f i l t r a t e  evaporated*- The.dark reddish .coloured residue  (l*0g .)
: m s  ex trac ted  w ith etherrand the' res idue  a f t e r  evaporation o f  e th e r (0*6g*) 
was d i s t i l l e d  a t  11 m.m* ■ hu t m  d e f in ite  p ro d u ct:m s  obtained the"'©IX ; 
appearing to  decompose#
A sim ilar, experiment to  the above m s  ca rried  out except th a t  a f t e r  
removal of sodium j^ to luenesulphonate  f re e  iodine m s  removed by sodium 
; tbdosulphate* The re s u ltin g  c lear so lu tion  m s  o p tic a lly  inactive*
This in a c tiv i ty  would be expected from the  production of o le fin es  by 
de to sy la tio n , the  form ation of a  double bond between asymmetric carbon 
atoms rendering  the l a t t e r  in a c tiv e ; and a lso  a s  a  r e s u l t  of the  
production of a d iiod ide  v ia  an in term ediate  o f the W instein character*
(bV w ith a n ilin e .
A m ixture of the d ito sy la te  ( 2g .) with, a n il in e  (10 c*c«) m s  heated 
on the w ater 'b a th  fo r  1 hour.and poured in to  d ilu te  hydrochloric ac id  
(50 c*c*}*: The p re c ip ita te d  so lid  was f i l t e r e d  o ff  and th e  f i l t r a t e  made 
■ a lk a lin e  w ith cau stic  soda but only a n il in e  m s  p rec ip ita ted*  The so lid  .
(1 * 1 g .) re  c ry s ta l lis e d  from agueous^ethftnol;-'gave .whit© p la te s  m*p. 148-9^ 
in ac tiv e  in  acetone and chloroform so lu tion . £~G-orodeisky and B e ll ( Ber* *
1838. 21. 1 796)'' give 150° as the  m*p. o f 1, 2~dianilido~1, 2~di oarbethoxy-
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; e tlm ne^> -'T h is e s te r  (0*5g*) was saponified  with' W  c»g* Hi.aicoholle- 
potash, a lcohol removed on a water bath  and the residue  a c id if ie d  with 
d i lu te  hydrochloric acid* The a d d  so obtained vuen re c ry s ta l l is e d  from 
a c e tic  ac id  had m*p* 202°* ; .'^ B isc b o ff and la ld en  ( Annalen, 1894* 279.
142) give 205°  a s  the m#p* o f 1 , 2-d ian ilid o -su cc in io  a c id ^ o  |
• (c) w ith e than o licp o tash * ;
A so lu tion  o f d ito sy la te  ( 2*5g*) in  If/2  e thanol!c  potash (50 e*c*) '
m s  heated under re flu x  fo r  an hour, cooled and th e  .minimum quan tity  of 
w ater added to  red isso lve  the  p re c ip ita te d  potassium j>~toluenesulphonate*
The so lu tion  thus obtained was op t i d i l y  in ac tiv e  and m s  back t i t r a t e d  
ag a in s t H/2 hydrochloric acid* The th e o re tic a l quan tity  o f potash had 
been used* Ethanol m s  removed from the  n e u tra lise d  so lu tion  by evaporation 
and a f te r  f i l t e r i n g  and b o ilin g  calcium chloride, m s  added in  excess* The 
re s u ltin g  white p re c ip ita te  (0*12g. 5 0*09g* t a r t a r i c  a d d )  was f i l t e r e d  
o ff  and gave p o s itiv e  te s ts  fo r  ta r tra te *  The f i l t r a t e  was ex tracted  
twice with e ther to  y ie ld , a f t e r  removal, o f the so lven t, a viscous o i l  
which subsequently:c ry s ta llis e d  (0*51 g*) ,®*p* 136° in d e f in ite , a f t e r  
r e c ry s ta l l is a t io n  from acetone and bensene 153°* This subsiahoe was an 
a d d  giving an in so lub le  barium s a l t  and i s  assumed to  be e ls  1, 2-dioarbosy- 
epoxy-ethane fo r  whieh Kuhn and Ib e l  (Ber** 1925/  ,§§* 919) give a  m*p* of 
149°* (Totm&y 0, .36*9s.H /3*4 c4%°5 re q u ire s ,0,  36*4; H, 3< $ )  ;  :
A m ixture of d ito sy la te  (ig*) in  1  sodium hydroxide (20 c.o*) m s  
heated under re f lu x  fo r  an hour, cooled and back t i t r a t e d  w ith  3  
hydrochloric ad d *  The th e o re tic a l amount o f a lk a l i  had been used* 
Before n e u tra lisa tio n  the  so lu tion  was o p tic a lly  inactive*  The so lu tio n , 
a f t e r  concentration , y ielded  a calcium s a l t  (0*30g*) which gave p o s itiv e  
t e s ts  fo r  ta r tm te *
" (e )  w ith n o ta s s im  a c e ta te  i n :ethanol* \
A so lu tion  of d ito sy la te  ( 3g*) and f re sh ly  fused potassium a c e ta te  
(3g*) in  ethanol (8  c* c*) m s  heated under re f lu x  fo r  7 hours and the 
a lcohol d i s t i l l e d  o f f  and estim ated (by sapon ifica tion ) to  contain 0*95g» 
of e th y l acetate* The residue  had a s l ig h t  odour o f a c e tic  ac id  and 
y ielded  0*39g* of a viscous o i l  on d isso lv ing  in  d ll*  cau stic  soda and 
e x trac tin g  with ether* The o i l  was o p tic a lly  in a c tiv e  in  ethanol and gave 
no d i s t i l l a t e  below 2009 a t  11 m*m* I t  could no t be c ry s ta llised *  The 
aqueous a lk a lin e  so lu tion  was n e u tra lise d , found to  be o p tic a lly  in ac tiv e , 
and on treatm ent w ith excess calcium ch loride  gave a  p re c ip ita te  (0»l67g* a 
P*11g*-.tartaric a d d )  which m s  f i l t e r e d  off*
(f) ■ with potassium bensoate in ethanol,
A solu tion  o f d ito sy la te  {2* Og*) and anhydrous potassium benzoate 
(M ») in  ethanol (20 c*e.) « s  heated under re f lu x  fo r  1 hour and ‘benzoic 
a c id  (0*47g*)f calcium t a r t r a t e  ( 0*04g*) and unchanged to sy la te  (l*4g») 
recovered fro® the reac tio n  mixture*
(s) With potasajiBi frenzoata,,
A m ixture o f th e  d ito a y la te  (ig* ) and potassium benzoate ( 0* 6g.) was ^
maintained a t  180° fo r  10 m inutest the only product which could he fj
iso la te d  was henzoio ac id  ( 0»4g*} » !
’ ' " ' ‘ ' ■ ' ' ‘ ' ' - ■ '-"ij
'■ .■ ■ ^:v ^
(h) w ith -potassium 'acetate in  a c e tic  acid* '
\  A so lu tion  o f : the  d ito sy la te  ( 3g*) ^nd .freshly, fused potassium a c e ta te  |!
( 2g.) in  a c e tic  acid . (15 c*c*) was m aintained &t 100° fo r  10 hours* The 
so lu tion  which had heeome o p tic a lly  in a c tiv e  contained no e thy l a c e ta te  
the  only product obtained being a  yiscous sulphur containing o i l  ( l* 28g*) i|i
which y ie lded  a d i s t i l l a t e  of no d e f in ite  b o ilin g  po in t between 250 and 300° 
a t  1 P:
T h e 'p a rt played by'potassium  a c e ta te  in  these reac tio n s i s  emphasised 
by the  .following experiments!
A solution of the d itosylate (0*4g*) in  aeetio  acid (10 c. c*) a f te r
being maintained a t  100° fo r  10 hours s t i l l  possessed i ts .  o r ig in a l 
' 20°ro ta to ry  power + 1*70°  ( l ,  1)* .Potassium a c e ta te  ( 0*03g*, W 5) was
then added ( ^ p  being unaffected) and the  so lu tion  bept a t  100° fo r
' 2 0 ° "
20 hours: the  ro ta to ry  power had f a l le n  to  ok|> * 0*?8° ( l ,  1) a  value
which regained unchanged a f t e r  heating  fo r  an ad d itio n a l 17 hours bu t which
f e l l  to  zero on fu rth e r  h a t in g  fo r  18 hours w ith ad d itio n a l potassium
a c e ta te  (O*0lg*). — :
A so lu tion  o f the d ito sy la te  (ig*) and fre sh ly  fused potassium
ace ta te  (1 *4g* , k  mols.) in  a c e tic  ac id  (15 o«c*) a f t e r  being heated fo r
1? hours a t  100° completely lo s t  i t s  ro tasy  power*
A so lu tion  o f the d ito sy la te  ( 0*4g*) in  a c e tic  ac id  ( 1G c»c«)
m aintained i t s  ro ta to ry  power ( ^ p  * l»  1) a f t e r  being m aintained
a t  100° fo r  17 hours* potassium a c e ta te  (d*lSg*, 1 mol.) was then added,
20°
when the so lu tion  had 1*59°>.a value which remained unchanged a f te r
3 days a t  room tem perature. Ike  tem perature of the  so lu tion  was then 
ra ised  rap id ly  to  100° and m aintained th e re a t fo r  45 minutes, the so lu tion  
was rap id ly  cooled to  20° and i t s  ro ta to ry  power"noted* This procedure 
repeated 6 times gave■-the1 follow ing values: . 1*26° ,  G*98°, 0*82° , o 64° , 
0*46°, 0*30°. and 0*14° which a re  shorn in  the graph on page 65a.
t i )  with: potassium''thiocffanate.
A solu tion  ©f th e  d ito sy la te  (l*Og.) and dry potassium th iocyam te  
(2*5g*) in  ab so lu te  ethanol (20 ©*g.) m s  heated under re f lu x  fo r  
24 hours. The''only produet'of the reac tio n  m s an o p tic a lly  in ac tiv e  
viscous o i l  (Q«73g*) which contained n itrogen  and sulphur h u t which 
could not ‘be purified*
The follow ing i s  a  b r ie f  descrip tion  of experiments in  which the 
d ito s y la te  m e  unreactiveiA. ' y
(a ) D ito sy la te  ( 3«0g*) and potassium iod ide  ( 5g») in  abso lu te  ethanol 
(30 o*c*) heated under reflux: fo r  17 hours*
(h) D itosy la te  ( 3*0g .) and sodium bromide ( 5g*) in  abso lu te  ethanol 
(30"-'o*o*) .heated under re f lu x  .for 17 hours* .
(c) D ito sy la te  ( 2*0g*) and lith ium  ch lo ride  (ig*) in  abso lu te  ethanol 
(15 c ,Cm) heated under re f lu x  fo r  1? hours. •
(d) D ito sy la te  (Q*3g*) dissolved in  a c e tic  ac id  ( 7#5 ©•©*) maintained a t  
100°  fo r  14 hours*
(e) D ito sy la te  (Ig*) d issolved in  d im ethylaniline (5  c .c .)  m aintained a t  
100° fo r  2 hours*
8D
./.Reactions o f  d iaceto^ f-d -d ieth yl ta rtra t e « j
j(fr)'/With"potassium a c e ta te  in  a c e tic  acid*
. Dia<3ttos^-§*aieth^X ta r tra te *  prepared from .^-aiethjrX: t a t ^ L te
£0® '•■ ■' : '**'.■ 1
oU + 18*40° (1, 2) bad B.p» 68° /fceCrae  and Patterson (£., 1300, 2L ;
. 170 ' '
1098) give 67 « 8°_7 / " e t / p  + 9*43° (o» 15*4 ! 1 , 1) in  a c e tic  a c id  ■ j 
' whils-t the  o p tic a l ro ta tio n  o f a so lu tio n  of Hie d ie s te r - in  aceti©  a c id  ' j 
rem ined  unchanged a f t e r  24 hours heating  a t  1O0a*
A so lu tion  o f Hie d ie s te r  (Q»5g*) and fre sh ly  fused p o i^ s s im 'a c e ta te  1
(■$•511*? 1*5 mols) in, a c e tic  ac id  (10 ©•©*) s t i l l  '-possessed’ i t s  o r d in a l  .
■ 20° "■]
ro ta to ry  power +. 0*&6°  (J^. 1) a f te r  being maintained a t  100° fo r  ;j
18 hours#.. ' ■ , .!
( b) .with a c e tic  ac id  containing su lphuric  a d d ,  |
. A so lu tion  o f the  d ie s  ter" ( 2* Og.) and sulphur io  a c id  (0  *3 o*g# « 0*68 moll
17° ■ |
in  a c e tic  a c id  (13 c«e*) hadc*^  + 1*44° ( 1* 1) which f e l l  to  1*33° and j
0*47°m fter heating  a t - 100° fo r  h a lf  an to u r  and 17 hours resp ec tiv e ly  and 1
rem ined  su b s ta n tia lly  constant on fu r th e r  heating .
A so iu tion  of ethylene g lycol (5g*) in  pyrid ine  (150 c .c . ) was tre a te d  
w ith ;;to s y i ch loride ( 3 0 g*) under s im ila r conditions to  those described in  
the  p repara tion  o f the  d ito sy la te  o f d -d ie th y l t a r t r a t e  the  reac tio n  being
Stopped 3 minutes a f t e r  c ry s ta l  formation* Recrys ta ll is e d  from ethanol the  I
■ ■ ■ ■ ’ . • ' '   ^ ■ !
-  81 -  ., : j
d ito sy la te  ’(IS®*# -Sffe) had m .p .' i2 6 °  / B u t l e r  j ^ a £ *
1537, '52, 227) give m.p. 126^7*
Reactions of the d ito sy la te  o f  ethylene glycol#
(a) w ith notassiitm ben spate in  ethanol,
A so lu tion  o f Hie d ito sy la te  (l»Dg.) and dry potassium bensoate (3g*) 
in  ab so lu te  ethanol "(10 c* e .)  was heated under re f lu x  fo r  7 hours, cooled 
and poured in to  w ater, F rac tio n a l c ry s ta l l is a t io n  of the p re c ip ita te d  
so lid  from ethanol gave the dibenaoate' o f  ethylene g lyco l (0-5g*, 7$) 
m.p* 71° a lone and mixed w ith an a u th e n tic  specimen. The only o ther 
compound recovered m s  unchanged d ito s y la te .
(b ) w ith potassium thlocgyanate in  ethanol.
A so lu tion  o f Hie d ito sy la te  (2*0g .)  and dry potassium thioqyanate (5g*) 
in  ab so lu te  ethanol (50 c .c .)  m s  heated under r e f  lux  f o r  9 hours, cooled 
and poured in to  w ater. E e c ry s ta llis a tio n  o f th e  p re c ip ita te d  so lid  from 
aqueous~ethanol y ielded  1, 2-dithiocyano~ethane (0*6g.$ 80$) m.p. 90° 
/te u fto a n n  (U .S.P. 1,790,097) gives 90°_7.
• (e) w ith potassium benaoate.
A m ixture o f th e  d ito sy la te  (l*Qg.) and dry potassium bensoate ( ig . )  
was m aintained a t  180° fo r  1 hour, cooled and mixed w ith w ater. The so lid
residue  re  c ry s ta l lis e d  f  roa  aqueous-ethanol gave the dibenaoate o f  |f;
ethylene g lycol ( 0 *5 6 g* 5 77$) m*p* 7 2 - 3 ° alone and mixed w ith an
au then tic , specimen.
■■■■■■•■■■'■ , .' ■ •
(d) w ith a lc o h o lic  potash. ' |;i
A so lu tion  of Hie d ito sy la te  (3*®g*} in  e thano lic  potash (40 e.e* N/2) | ;
was heated under re f lu x  f o r  3 hours .w h ils t a  stream o f  dry OOg- f r e e  a i r
■ 14:
, m s  passed through the apparatus which, m s  f i t t e d  a t  the end with, th ree ,;4 j||i
0 tubes containing a quan tity  o f ammoniaeai. copper sulphate so lu tion
4/*Xi©svayfs reagent\(B er,V  1899. 3 2 4 .: 2698) 7* By • this.-means 'the percentage j.|
, o f  ace ty lene formed m s  estim ated a s  a b o u t : The reac tion  m ixture was ‘ ' 1
deep yellow and had a  strong odotnr o f aldehyde re s in s , the  presence of
■■aldehydes being oonfissued with S c h iffb  reagent. |4;
■(e) w ith  -potassium a c e ta te  In  a c e tic  a old. fj
A so lu tion  of Hie d ito sy la te  (3*0g*)and f re sh ly  fused po tass! 
a e e ta te  (2*5g#) in  a c e tic  ac id  ( 1 5  c .c .)  m s  m aintained a t  100° fo r  6 0  ho u rs ,^  
cooled, n eu tra lised  w ith  sodium bicarbonate a f t e r  d ilu tio n  w ith water and '!, 
ex tra  eted w ith ether* The d iac e ta te  o f  ethylene g lyco l (0*9 c .c* j &%%)
1 QO !
b.p# 186°, n fa a 1*4162 and Sap* ? a lu e  1 4 5 (Calc* 146) was recovered from 
the e th e rea l ex tract*  :
■ m  $3 . * *
w  w ith potassium benspate In a c e t ic  acid»
A so lu tion  o f the d ito sy la te  (2*0g*) and dry p o ta s s im b e n so a te  (2*0g*) 
in  a c e tic  ac id  (15 ©*e*) was m aintained a t  iCX>° fo r  48 hours, cooled, 
poured in to  water and f i l t e r e d  from benzoic ac id  (0*7%*)* The f i l t r a t e  
n e u tra lise d  w ith sodium bicarbonate ' was' ex trac ted  w ith e th er -and the
A QO
d ia c e ta te  o f ethylene glycol (0*5 ©•©*$ 6^f)  m«p* 187°, B -p - 1*41^5 
recovered*
(g) w ith a n ilin e ,
A m ixture o f the d ito sy la te  (2*0g*) and a n ilin e  (10 e*c.) w s  heated
on the water ba th  fo r  1 hour, cooled, poured in to  d ilu te  hydrochloric ac id
and f i l t e r e d  from a  very small "amount o f p re c ip ita te d  solid* The f i l t r a t e  
was made a lk a lin e  and the p re c ip ita te d  so lid  co llec ted  and re c ry s ta l l is e d  
' from aqueous-ethanoi to  y ie ld  1, 2-Ms~fiiphenyl-air&ao-ethane (l*0g* j 9Q&) 
m*p* 66° • /B is c h o f f  and Nastvogel (Bey,, 1889, 22, 1783) give m*p*
The product was converted to  the  n i t r a te  m*p# 168° and a  complex w ith  
m ercuric ch loride  m*p* 1 3 0 ° was a lso  formed / " k i l l s  (£*, 1900, 2Z* 1023) 
v gives 164-5° and 1 2 9 ° resp ec tiv e ly  a s  the m*p*e, o f these  d e riv a tiv es J.
' (fa) w ith monoethvl a n ilin e * .
A m ixture o f the  d ito sy la te  (l*0g*) and monoethyl a n il in e  ( j  c*c*)
m s  m aintained a t  100° fo r  17 hours, cooled, poured in to  water and the
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o ily  lay e r which separated was recovered, ' This lay e r m s  d isso lved  in  a  . 
small quan tity  o f d ilu te  hydrochloric ac id  and a so lid  p re c ip ita te d  by the  
ad d itio n  o f d i lu te  caustic  soda so lu tio n , H ecrysta llised  from ethanol the 
so lid  y ie lded  Mt I^ -d ie tiiy l-H ,■ i l ’-S iphenylethy lene-l, 2-diamine {<)•&&t" /  
75$) sup* 74° from which a  p ie ra te  m*p* 188° deeomp* m s  prepared 
/"F ro h lic h  (B e r,, 1907, 40, 764) g ives 75° and 189*90° deeom p,respectively  
fo r  these two ccrnipoundsj^* •
The follow ing i s  a b r i e f  descrip tion  of experiments in  which the 
d ito sy la te  was unreao iivei*
(a) D ito sy la te  (2*0g.) and potassium iod ide (4g«) in  abso lu te  ethanol
■ ( |0  o*c*) heated under re f lu x  fo r  f?  hours,
(b) D ito sy la te  (2*0g,) and sodium bromide (3*5g«) in  abso lu te  ethanol
, (jO c ,o ,)  heated under r e f  lux  fo r  10 hours*
(c) D ito sy la te  (2*0g,) and lith ium  chloride  (3*5g*) in  absolu te  ethanol 
(JO c .c ,)  heated under re f lu x  fo r  7 hours,
(d) D ito sy la te  (2*Qg*} dissolved in  a c e tic  ac id  (1G o.o#) m aintained a t  
100° fo r  24 hours*
(e) D ito sy la te  (t* 0 g ,) .dissolved in  dimethyl a n il in e  (3  c ,c ,)  maintained 
a t  100° fo r  7 hours*
( f )  D ito sy la te  (0*5g») and phenol (0 3 g * ) in  chloroform. (6  d ,c ,)  heated 
under re f lu x  fo r  6 hours,
(g) D ito sy la te  (3*0g,) maintained a t  100° w ith 50ml, aqueous sodium 
hydroxide so lu tion .
■Preparation o f  c o ty l: to sy la te , \  j;;:
f h is  to sy la te , prepared i n the  usual manner, s e p a r a te  from l ig h t  ■ ■ Hj
p e tro leu m la  p la te a  m#p»'49°, y ie ld  80$* . I::]
Heaetlons of e e tv l '.to sy la te , H
-.(aV-with -potassium a c e ta te  In  ace t i e  acid., A 1 ' ■ _ j :j
A so lu tion  o f oe ty l to sy la te  (3*9%#) a **d fre sh ly  fused potassium aceta te  j 
(2*0g*) in  a c e tic  a d d  (20 e ,e .)  m s  heated a t  100° fo r  5 hours, cooled, |'j|
poured in to  m te r  and the  sem i-so lid  which, separated was kep t molten by  | |
warming a t  Z$°* E x traction  w ith e th e r and f ra c tio n a l  d i s t i l l a t io n  a t  
12 m*m* y ielded  c e ty l ace ta te  (2«0g*, 7 0 )  m*p* 2 3 *3 ° alone and mixed w ith |;
an au then tio  specimen*. ' ' ' ^
...(h) w ith potassium a c e ta te  in  ethanol* ■ ■
A so lu tion  of the  to sy la te  (7*92g*) and fre sh ly  fused potassium  
a c e ta te  (3*5g.) in  abso lu te  ethanol (70 e,o*) m s  heated under re f lu x  fo r  |
7 hours and the  so lid  residue obtained on removal o f the  alcohol was 
ex trac ted  with e th e r . By f ra c tio n a l  d i s t i l l a t io n  o f the  e th e rea l e x tra c t 
c e ty l a c e ta te  (3*4g#f 6 0 $) m,p# 2 3 °  and ee ty l e th y l e th e r (0*8g,, t j$ )  
m,p* 19*5°, b .p .  183° / n i s i a e r  and Burch (£ * ,1 9 2 9 , 2 9 6 ) give 20° and 
180° resp ec tiv e ly  fo r  these co n sian ts j?  were obtained.
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Preparation o f  the to sy la te  o f  benzyl a lcoh ol, '
Benzyl alcohol (I0*8g#) d isso lved  in 'p y rid in e  (120 c ,c , )  was tre a te d  
w ith to sy l ch loride  ( l9 #5g*) as p rev iously  described fo r  o ther to sy la tes*  
Ben^rl to sy la te  (7*4g*, 28$) m#p, 54° /^Oilman and Beaber ( J ,  Amer, Chem,
8oc»,  1925, 47, 522) give m*p. 55°J  was recovered.
Reactions of benzy l'to sy la te*
(a) w ith potassium  ace ta te  in  ethanol,;
A so lu tio n  of benzyl to sy la te  (5*0g,) and fre sh ly  fused potassium
a ce ta te  (2*0g,) in  abso lu te  ethanol (hO c ,c*) was heated  under re f lu x  fo r
j  hours, cooled, concentrated and ex trac ted  w ith  e th e r , F rac tiona l
d i s t i l l a t i o n  of the e x tra c t gave a  d o se -b o ilin g  mixture (2*3g») of benzyl
e th y l e th e r  and benzyl ace ta te  which could no t be  . separated  and which by
sapon ifica tion  was estim ated to  con tain  of the  ace ta te  and 1 6 $  o f the  .
e th e r  g iving corresponding y ie ld s  o f 65fo and 15$, A p o rtio n  of the  m ixture
20° .
was converted wholly . -.to the  a ce ta te  b .p . 210*3°, n ^  1*5201, Sap, Value 378, 
(ca lc , 382) by treatm ent w ith mixed a c e tic  and sulphuric a c id s .
A so lu tion  of benzyl to sy la te  (4*0g.) and fre sh ly  fused  potassium  
ace ta te  (2*0g*) in  a c e tic  ac id  (20 e*e,) was heated under re f lu x  fo r  an
hour, cooled j poured in to  w ater and the N eu tra lised  so lu tio n  ex trac ted  
; w ith  .ether* , A fte r removal o f  th e  ether- and f ra c tio n a l  d i s t i l l a t io n  a t  
13 m.m# benzyl ace ta te  (l*5g*a 6 ^0  was obtained,
■ Reaction of phenyl to sy la te  - w ith a lcoho lic  potash ,
Phenyl to sy la te  (2*0g«) m,p, 94^ in  If e tbano lie  pota.sh (kO c ,e ,)  was 
heated  under, re f lu x  fo r  2 hours, cooled and hack t i t r a t e d  w ith If hydro­
ch lo ric  a c id . The th e o re tic a l quantity  of potash had been consumed* . -
The n e u tra lis e d  aqueous mixture was e x trac ted  w ith  e th e r and phenetol®
. . .  ■ 20°  . . . .
100^) h.p* 170°, n  ^  1*5i00, & 0*9668 recovered from the
extract#--
The follow ing i s  a  b r ie f  d escrip tio n  of experiments in. which, phenyl 
" to sy la te  m s  un reactive ;** .
(a) Tosylate (5*0g, ) and potassium benzoate (6*0g,) in  absolute ethanol 
{70 c ,c*) heated under .reflux  fo r  17 hours* _
(b) Tosylate (A*0g#) and anhydrous sodium carbonate (A*Qg*) in  absolute 
ethanol (50 c , c , ) heated under re f lu x  fo r  18 hours*
(c) Tosylate (2*0g,) d issolved in  a c e tic  ac id  (10 c*c*) m aintained a t  
100° fo r  19 hours*
(d) Tosylate (2*0g.) and potassium  ace ta te  (l*5g*) d isso lved  in  a c e tic  
ac id  (15 c*c*) m aintained a t  100° fo r  6 hours*
(e) Tosylate (l*Og.) and potassium  ace ta te  (0 ‘5g*j m aintained a t  180° fo r  
2 hours ■ in  a  closed tube*
(f)  Tosylate (l>0g.) and potassium benzoate (0*5g. ) m aintained a t 180° fo r  
. 2 hours Jn  a  sealed  tube. .
(g) Tosylate (l*0g .) and. aqueous sodium hydroxide (20 c .c .  o f H/2) 
m aintained a t  100® fo r  2 hours* .... . '
P repara tion  of the  to sy la te  o f 4*^tb6xrohenol.
■ ° The to sy la te  was prepared from' the phenol in; the-usual way. " i t  ■- 
separated from ethanol i n  g lis te n in g  p la te s  m*p. 71 **2°, y ie ld  75^. and had 
a  Sap. T alue  of 198 (calc* 201*5) • (Founds S, 11 *48, C^H^O^S req u ire s  S,
Beaction of the  to sy la te  of A^ethoxyphenel -  w ith a lcoho lic  potash. .
A so lu tio n  of the to sy la te  (5*5%*) in  M e thano lic  potash  ( 5 0  c .c . )  
m s  heated under re f lu x  fo r  3 hours, cooled and back t i t r a t e d  w ith 
EF hydrochloric acid . 99fo e f  the th e o re tic a l quan tity  o f po tash  had been 
consumed* The n e u tra lise d  aqueous so lu tion  y ie ld ed  A*metho:xy phenetole 
(7Cf0 m,p* 52-5° alone and mixed w ith an au th en tic  specimen.
The follow ing i s  a  b r ie f  description. of experiments in  which the 
to sy la te  m s  unreactive;**
(a) Tosylate (3"1g#) and potassium ace ta te  (2*0g .)  in  absolu te ethanol 
■ ' (ifO c .c .)  heated under re f lu x  fo r  7 hours*
(b) Tosylate (2*0g .)  and potassium bensoate (4«0g.) In  absolute ethanol 
(55 c .c .)  heated  under re f lu x  fo r  7 hours.
(c) Tosylate (l*0g .) and anhydrous sodium carbonate (2g. ) in  absolu te  
e thanol ( 3 0  c.c*} heated u n d e r  re f lu x  fo r  7 hours.
(d) Tosylate (2*0g.) d issolved in  a c e tic  ac id  (15 c .c . )  . and maintained, a t  
:;;;f’iOG°far'£ hours..-i-
*
(eJ. Tosjrlate . (2*0g#) and potassium  ace ta te  (l*5g .) d isso lved  in . a c e tic  ac id  
: ' (20; c.c*). and,m aintained a t  100® fo r  4  hours.
( f ) Tosylate (2*Qg.) ,  sodium a ce ta te  ( ig .)  and a n ilin e  (10 c .c . )  m aintained 
V; / a t  100° fo r  8 hours* . . . . . . . . .
(g) Tosylate (0*5g.) and potassium  benzoate (0*25g.) m aintained a t  180° fo r  
3 hours in  a closed
Reactions"1 o f it^^itrcohenvl to sy la te .
. (a) with  a l coholic potash..., , ■
A so lu tion  of the t o ^ l a t e  f 2* 0 g ., a.p* 96°) in  hi e th sn o lic  potassium  
hydroxide (50 c .e .)  was heated under re f lu x  fo r  4  hours, cooled, poured in to  
w ater, a c id if ie d  and ex trac ted  w ith  e th er; 4 -n itrqphenol (0*89g.J 95^) 
m.i>* 11.4° alone and mixed ' w ith  an authentic- specimen, m s  obtained.
** "90 ■*■
: Cb) w ith sodium. carbonate and ethanol* ,
A mixture o f the to sy la te  (2*0g#) ,  anhydrous sodium carbonate (A#Og*) 
and absolute ethanol (f?G c.e*) was heated under re f lu x  fo r  16 hours, 
cooled, poured in to  w ater and px^ecipitatod unreacted to sy la te  (0*66g*) 
f i l t e r e d  o f f . The a c id if ie d  f i l t r a t e  y ie lded  4~nitrqphenol (0*45g*l 75$)
m * p *  ' i i v 5 *  ■ ■
(o) w ith potassium  a c e ta te ,
A mixture of the  to sy la te  (4*0g.) and fre sh ly  fused  potassium' ace ta te  
(l*6g#) was m aintained a t  180° fo r  h o u rs ,. cooled, crushed w ith water and 
the so lid  thus obtained (2* 0g*) f ra c tio n a lly  c x y s ta llise d  from ethanol to  
y ie ld  A^nitrophenyl ace ta te  (0*kg*, 16/0 m*p# 79°* ra is e d  to  80° when 
mixed m th  an au then tic  specimen# -
(d) w ith  potassium benzoate,
' A mixture of Hie to sy la te  (2*Qg#) and potassium bensoate (ig#) was 
m aintained a t  180° fo r  7 hours, cooled, crushed w ith  w ater and the  so lid  
thus obtained (l*5g*) c x y s ta llise d  from aqueous ethanol; the  re s u l ta n t  
AV*^nitrqphenyl bensoate (u*5g*l 3Q$) had m#p# 142~3° alone and mixed w ith 
an authentlc_^pe,cimen#
The follow ing I s  a  b r ie f  d escrip tio n  of experiments in  which the 
to sy la te  was unreactive 1 -
am am
(a) to sy la te  (2*9g*) and potassium  a ce ta te  (1 *5g*) in  absolute ethanol 
(50 c .c .)  heated under re f lu x  fo r  6 hours*
(b) fo sy la te  (2*0g.) and potassium benzoate (3*Og.) in  absolute ethanol 
(50 c.c*} heated  under r e f  Xus fo r  16 hours*
(c) Tosylate (l*Og.) d isso lved  in  a c e tic  ac id  (10 c .c .)  and m aintained a t  
100° f o r  17 hours*
(d) Tosylate (1 *0g.) and potassium ace ta te  (Q*75g«) dissolved in  a c e tic  
a c id  (15 c*c.) and m aintained a t  100° fo r  6 hours*
(e) Tosylate (2*0g.) in  a n ilin e  (8 c .c . )  m aintained a t  100° fo r  17 hours.
( f )  To^yLate (2*Qg*) and sodium ace ta te  ( Ig .)  in  a n ilin e  (8 c .c . )  
m aintained a t  1OO0 fo r  17 hours.
Reactions of 2% 4*"djnitrophenyl to sy la te .
(a) ■with p o t as a im  ace ta te  in  ethanol*
A so lu tion  o f the to sy la te  (1 *Og.) m#p. 121° /"made by the method of 
UHman and Hadai (Ber.* 1908, 41* 18?0)J7 and fre sh ly  fused potassium  
ace ta te  (0*4g#) in. absolute e thanol (20 c .c . )  m s  heated  under re f lu x  fo r  
6 hours; a small amount of 2, h -d in ltrophenol (0*05g*| $$) m s  the sole 
product recovered*
(b) w ith a lcoho lic  potash*
A so lu tion  of the to sy la te  (3* 33g*) in  IT e th an o lic  potash (20 c ,c .)  
m s  heated under re flu x  fo r  3 hours, cooled, and 2, A -dinitrophenol j!
(i*6gl 86$) m*p* 112° alone and mixed w ith  an au then tic  specimen recovered ’ ||j 
a f t e r  a c id if ic a tio n ,
(c) w ith  sodium carbonate and ethanol*
~  toffUnnwi'i .WNW— W a M W *  i h«mw»>uiIm»  jjJ ww iiiuiul iu n i  , i iljiir lm i miiwuw
A mixture of the to sy la te  (3*38g*) and anhydrous sodium carbonate 
in  abso lu te  e thanol (50 c .c , )  m s  heated under re f lu x  fo r  7 hours, 
cooled and 2, 4-d in itrqphenol (l*4g*» 78$) m*p. 112° recovered a f t e r  ;jj
ac id ifica tio n *  p
' (d) wi.th th io g lv c o llic  acid  and sodium ace ta te  in  ethanol#
A so lu tion  of the  to sy la te  (2 -5g*)* th io g ly c o llic  acid  ( i #0g#) and 
anhydrous sodium ace ta te  (6g*) in  absolute ethanol (1*0 c .c*) was heated 
Under re f lu x  fo r  1 hour and the alcohol removed* The residue  was d isso lved  |
in  w ater, the so lu tio n  made Ju s t a lk a lin e  w ith so lid  sodium bicarbonate and 
f i l t e r e d  from unreacted to sy la te  (0*1g*)* Acidifying the f i l t r a t e  y ie lded  
$ (2 , 4**8initrophenyl) -* th io g ly c o llic  a c id  (l*8g*, 100$) m*p* 169° alone 
and mixed w ith  an au then tic  specimen*
' The follow ing i s  a  b r ie f  d esc rip tio n  o f experiments in  which the  - 
to sy la te  m s  urre& ctive: -
(a) Tosylate (2*0g„) and potassium  bensoate (l*2g*) in  absolute e thanol 
(25 c .c .)  heated, under re f lu x  fo r  7 hours* 1
(b) Tosylate (l*Og*). dissolved in  a c e tic  a c id  (10 c .c . )  m aintained a t  ' 
100° f o r  17 hours*
(c) Tosylate (1 *0g*) '  and potassium ace ta te  (0*4g») dissolved in  a c e tic  
ac id  (15 c .c .)  m aintained a t  100° fo r  17 hours*
(d) Tosylate (1*0g#) and phenol ( 0 *3 0 g*) in  chloroform (10 c*c.) heated  
under re f lu x  fo r  17 hours*
(e) Tosylate (0*5g*) and phenol (0*1lg .) in  absolu te e thanol ( 1 5 e*c.)
v
n e u tra lise d  m th l f /2  a lcoho lic  potash and heated under re f lu x  fo r  '
3 i  hours*
Reactions of 2*"»carboxyphenyl tosy late*
(a) w ith a lc oholic  po tash*.
A so lu tion  of the  to sy la te  /"*2*92g* m*p* 1 5 ^ decorrp* made by the 
method of the Badische A n ilin  Co* (D*B. -  F* 162,322)J7 in  H e th an o lic  
potash ( 3 0  c*c*) m s  heated under re f lu x  fo r  3 hours, cooled and sa lic y e lie  
ac id  (l*2g*| 85$) m*p* 151° recovered on ac id ifica tio n *
The f  o llow ing, i s  a  “b r ie f  (description of e:Kp@ri&enis in  which the
to sy la te  m s  unre&et±v@s~ , . •. , I
; '■ ' . . .  I \  \ V -.1 . .  , ' ' /  ■ . \  ■ "I
(a) Tosylate (2*0g*) and potassium  a ce ta te  (l*Gg#J in  absolute ethanol. .
(40 c#c#) heated  under re f lu x  fo r  .6 hours*
(b) TosjXate (2*0g.) and potassium  benzoate (l»5g.) i a  absolu te ethanol 
(50 e*e«) heated under re f lu x  fo r  4  hours#
(c) Tosylate (2*0g*) d isso lved  in  a c e tic  a c id  ( l 5 c#c#) and m aintained j j j
a t  103°, fo r  6 hours* |
(d) Tosylate (2*0g#) and potassium ace ta te  -(frog*) d isso lved  in  a c e tic  I
ac id  (15 e.c#) and m aintained a t  100° fo r  4  hours# If
■ i ■ ■■■ '■ "■' .■ ■ ■ •’ ’ • ■ ■ . ■ '■ ' |
P repara tion  of 1 -2 -octy l t r ic h i  oroace t a t e *
0etanol~2 m s  reso lved  by the method o f f e y o n  (Org# ^nath. * 19VI • ' ! l
-'22° ■ ' j:
Coll* Vol# 1, 413)# I t  had
(a) Dry tr ic h lo ro a c e tic  a c id  (48g#} m s  added to  l-o c tan o l-2  (40 c»c#) j
the cooled M ^ u re  being sa tu ra ted  w ith  dry hydrogen ch lo ride  and allowed 
to  stand  overnight before heating  fo r  7 hours a t  150° w h ils t a. continuous 
stream o f dry hydrogen ch loride m s  passed therethrough# The cooled mixture 
m s  added, to  water and ex trac ted  w ith  e th e r  the e x tra c t being washed and 
dried# A fter removal o f e th e r  and a  sm all quantity  o f unchanged alcohol* 
d i s t i l l a t i o n  y ie lded  l~2~octyl tr ie h lo ro a c e ta te  (6 0 g .| 13%) b#p# 141-2°/l8
«■* «*»
20° 2G° 22° ■ . 22°
1-4508, a^o 0-9937, <^5893 -  32-91°, O l . ^  -  38*98°,
22°  "  ’ ' ■
(X -  44*79° (1* 2}* (Founds C l, 3 8 *6 * G^ffiyOgCZlj requ ired  Gl, 38*1$)
1*102g* req>iire& 2£>0 e.e* of E /5 ethanoXie potash, (calc*.' 20*0 c*c#)* v .
The product m s  a  vexy s lig h tly  yellow, ncn-visooUs liq u id  w ith  an odour
resem bling, h u t f a in te r  than  th a t  of the corresponding acetate#
(h) Dry tr ic h lo ro a c e tic  a c id  (24g*) m s  added to  lyoctanoX~2 (20 e .c*) 
and a f te r  i n i t i a l  cooling the mixture m s  heated a t  150° fo r  9 hours*
A fter recovery as in  the previous experiment, the pure e s te r  (28g»| 70$)
~ 20° ' - 22° « - 
h#p# 141 - 2 ° / l8 m#!!*, 1*4509, p -  32*90 (1, 2) m s  obtained*
In  a  s im ila r experiment a  mixture of the l-*carbinol (5 c#c#) and
. 4 . i ■. . ■ 23° ‘ ' ^ h~ vv: - :■ ;
ac id  (6g*l which had. <A ^  -4*0$  1 , 0*25 m s..m aintained a t  35 overnight
and the  organic lay e r  thus formed was separated from the aqueous lay e r  and
had -  8*5, 1, 0*25* Although the  e ste r,w as.n o t iso la te d  in  th is
experiment the change in  sign in d ica te s  th a t  the' re a c tio n  proceeds to  a
considerable e x te n t, even, a t  comparatively low terpera tu ras*  .
(c) A mixture of tr ic h lo ro a c e ly l ch lo ride  (6*0g*) and l-o c tan o l-2  (4*3g#)
m s  m aintained a t  100° fo r  3 hours a f t e r  in i t i a l ,  cooling o f the  re a c ta n ts
20°  22°
mid the e s te r  (7*Qg*i 60$) h*p# 140-2/18 m#m# n^ 1*4509, -  16*47°
( l ,  l )  iso la te d  as in  experiment (a) *
>*. yd
A sample ©f the (±) e s te r  m s  made from in ac tiv e  c a rb ln o lb y  the
20®,
method of experiment (a)# I t  bad tup* 137*5 -  1 3 9 / 2 0  m*m*, n^ 1*4509#
20° ■ :'r"J and §, & 0*3935, y ie ld  about '
Reactions of l - 2 ~octyl trich lo roace ta te*  ' ■ ' \ :-o
( a ) ^ t h  a lc o h o lic  -potash* : ■ . •
■ A mixture of the  e s te r  (l1*02g*) and Sf/5 e thano lic  potash (200 c*c«,
1 mol*J was t i t r a t e d  a f t e r  standing fo r  1 0  minute* and required 0 * 2  c*c. of 
lf/ 1 0  sulpht^i© ac id  showing th a t  the th e o re tic a l quan tity  o f a lk a l i  had 
been rap id ly  consumed* The residue m s  d ilu ted  with water and ex tracted  
w ith e ther the aqueous lay e r g iv ing  a negative t e s t  fo r  ch lo rine  ions*
The d ried  e th e rea l e x tra c t gave the ,1-carb ine! (75/) n^ 1*4-260,
x 22°- ■' - \  '. .
. -  1*94° (1 , 0*25). .. - - a -
in  a sim ilar experiment a mixture- of ( f  e s te r  ( 2 *7 5 5 g*): and H/1 0 ..' 
..a lcoho lic  potash ( 1 0 0  e*©*, 1  mol*) was ' t i t r a t e d  a f t e r :standing fo r  - /
3  minutes w ith  E/10 su lphuric  a c id  and required  le s s  than 0 * 1 c*c. o f acid* 
The mixture was d ilu te d  w ith water a f te r  standing  fo r  72 hours bu t the 
aqueous la y e r  thus obtained m s  f r e e  from ch lo rine  ions*
-  97 m
(b) in  d ilu te  aqueous sodium hydroxide*
A ijdxture o f the e s te r  (5g<*) and K/5 aqueous cau stic  soda so lu tion
(200 c.e*) m s heated under reflux  for 12 hours, cooled and extracted with
22°
ether* The ex trac t y ielded  L-oetanol — .1*95° (1 , 0 *2 5 ) b.p* 84-
88°/20 m»m* . and unchanged e s te r  b.p* 139^42°/20 m*m* The aqueous lay e r
a strong p o s itiv e  t e s t  fo r  ch lorine ions,
with sodium acetate in ethanol* ' VV  r  mmtmtrnmmmmmmatmimi■ irnnnm m w  »<pinr,,ii,<w>imwii w m n '' wi»wMtww»iwaKi.—Mi«iiinrtt*rn» mwrwiwuMMf •
A so lu tion  o f the e s te r  (lO g.) and f re sh ly  fused potassium a c e ta te
(7g .) in  abso lu te  ethanol ( 5 0  c ,e .)  m s  heated under re f lu x  fo r  7  hours,
cooled, poured in to  water and ex tracted  w ith ether* The e x tra c t y ielded  a
■ 20^ .
f ra c tio n  ( 3 *2 g ,) b o ilin g  between S1~84°/20 m*m*, -  2 *3 1 ° ( l ? 0 *2 5 )
^  1  * 4 2 7 0  which m s  probably the  j^ m rb in o l containing a sh^II
quan tity  o f the trich lo roaoeta te*  1 *0 2 9 g* o f th is  product required  0 * 8  c,c*
H/ 2  a lco h o lic  potash fo r  sapon ifica tion  m 0 *1 1 Q2 g, o f irieh lo ro aee ta te*
■ The experiment m s  repeated and. the l^oarb ino l was-recovered from the
22°
reac tio n  products v ia  i t s  hydrogen phthalate* I t  had -  1*94°(l* 0*25),
(d) w ith glae5jal a c e tic  acid* , ;
A so lu tion  o f the e s te r  ( 5  c,c*) in  a c e tic  a c id  ( to  a  to ta l  v o l. of 
19® ©
2 5  c*o*) had oC-0  ** 3 * 1 5  ( 1 » 1 ) which remained unchanged on standing fo r  
80 hours a t  80°F* A fter 22^ hours heating  a t  100° th e  so lu tion  m s  rap id ly
98
cooled and had *. 2*82 ( l ,  1)* The l a t t e r  process o f heating  and
cooling was repeated severa l times u n t i l  the  o p tic a l ro ta tio n  m s  
su b s ta n tia lly  constant the r e s u l ts  being shown graph ica lly  on page 41 a 
the reac tio n  proceeding so slowly in  th e  l a t e r  stages th a t  i t  was not 
taken to  completion* The m ixture m s  poured in to  w ater, ex trac ted  with 
e th e r and 1 -2-octy l a c e ta te  <X^° * 1*38° ( l ,  G«2 5 ) 1*4152 recovered
by f ra c tio n a l  d is t i l la t io n *
